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In addition, the following organizations are acknowledged for
the significant assistance provided to the AAI Corporation during the conduct
of the Automotive Test Rig Design.

The Bird-Johnson Co.

The Caterpillar Tractor Co.
Dowty Hydraulic Units Limited
Funk Manufacturing Inc.

The Goodyear Tire & Rubber Co.
The Linde Hydraulics Corp.

The Motor Wheel Corp.

Pa1l Land/Marine Corp.

Parker-Hannitin Corp.

The Reynolds Metals Co.
Santa Barhara Research Center
J The Southwest Resecarch Institute
TRW, Niehoff Automotive Products Division
Twin Disc Corp.
Acknowledgement is also made to Mr. W. Zeitfuss, Head of the
Marine Corps Programs Office, at the David Taylor Naval Ship and Development

Center, and his staff for their assistance provided in the design of the
Automotive Test Rig.
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1.1 . Automotive Test Rig Program
1.1.1 \Q\ Background
J Under the provisicas of the National Security Act of 1947, the
United State Maine Corps is authorized to pursue the development of unique
equipment that is peculiar to their primary mission of conducting the
amphibious assault. 1In this regard and with the technical assistance of the
United States Navy, the Marine Corps has fielded numerous, successful, assault
amphibians in support of their global commitment to the projection and
forcible entry of naval forces ashore.
The: assault amphibian vehicle (generailly known as the landing
Vehicle Tracked or LVT) represents varicus technological challenges due to the
dual requirements for high levels of both waterborne and land perfermance with
ever fncreasing emphasis placed upon survivability and mobility aspects. In
view of these seemingly divergent criteria, it has become a prudent effort on
the part of amphibian developers to explore new and emerging technologies. yay .
Using exploratory development funds, Navy and Marine Corps technical
personnel, with direct access toc Government iaboratory assets and industry,
are able to concentrate their efforts on the development of vehicle components
which will eventually enhance amphibian capabiiities. This important program
is conducted under the auspices of the Marine Corps Surface Mobility
Exploratery Development program.
1.1.2 Scope
The Automotive Test Rig (ATR) has been developed to demonstrate
the technical feasibility of automotive systems and components which may be
employed in the Marine Corps' Advanced Light Armored Amphibious Vehicle System
(ALAAVS) Technology Demonstrator. The advanced automotive systems and
components of primary significance to the ATR are:
1. A hydrostatic, microcomputer contralled propulsion system;
2. Lightweight, wire-iink, band track;
3. Hydropneumatic suspensien units which permit full retraction
of the track and suspension components during seaborne
_ operations;
4, Two-speed final drives (with integral service brakes) which
extend the hydrostatic propuision system speed and torque
i characteristics.
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This report documents the design and fabrication of the ATR during the period
25 January 1984 to 19 December 1985. The report is presented in five volumes:
Volume I, Design and Fabrication; Volume II, Controi System; and Velumes III
A,B and C, Engineering Drawings.
i.2 Automotive Test Rig Configuration

External views of the ATR are presented in Figuwees 1.2-1, 1.2-2,
1.2-3 and 1.2-4, The ATR is 207.25 inches in length (5264mm), 106 inches in
o.erall width (2692mm) and has a top deck height of 78 inches (1981 mm‘. The
17 inch wide wire-link track provides a 115 inch (2921mm) contact length and
the 88.5 inch (2248mm) track centerline distance yields an L/T ratio of 1.3:1.
At a test weight of 28,000 pounds (12,700 kg) the ATR develops an average
ground pressure of 7.2 psi (49.6 kPa).

The hull is constructed of aluminum alloy 5083. Ballistic welds
are not employed. The majority of the interior materials are aluminum alloy
6061. Steels, where used, are stainless or coated alloys and all fasteners
incorporate protective coatings.

The interior arrangement of the ATR is presented in Figure
1.2-5. The driver is positioned on the port side of the forward glacis region
and the commander is Tlocated on the starboard side. With the crew hatches
closed the driver and commander are seated in a semi-supine posture. In the
open-hatch mode the crewmen are elevated such that their heads are above deck
for the purpose of maximum visibility. The seats provide adequate fore and
aft adjustment and may be positioned at any point between maximum and minimun
vertical travel. The seat geometry is configured to maintain & constant
operator hip-to-pedal distance during vertical transitions.

The power plant is positioned in the bow hetween the driver and
commander and 1is centered on the vehicle's longitudinal axis. The engine
(Caterpiilar 3208T, 320 brake horsepower) drives the primary hydrostatic
propulsion system pumps by wmeans of a directly coupled transfer gearbox.
Electrical power is provided by a 28V, 300A Niehoff alternator, which is belt
driven from the forward end of the engine, and has been specifically designed
for the marine environment. The auxiliary system hydraulic pumps are mounted
on the aft drive pads of the primary hydrostatic pumps. The cooling system
heat exchangers (engine coolant and hydraulic o0il) dre located immediately
above the engine. The cooling system fans (hydraulicaliy driven mixed Fflow
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units) are horizontally mounted aft of the engine. During landborne
operations the airflow path is through the deck mounted, hydraulically
actuated louvers, through the heat exchangers, to the fans and out the aft
region of the deck louvers. In the seaborne mode the louvers are closed and
coaling is provided by a pumped seawater system with a single cooling fan
operating at reduced speed and venting through a modified louver to provide
engine compartment and trosp space ventilation. In both land and sea
operating modes, the engine compartment is below atmospheric pressure to
preciude the possibility of engine exhaust gases and fuel/lubricant vapors
entering the crew and troop spaces, The engine-gearbox-pump assembly is hard
mounted in a three-point arrangement with mounts on the port and starboard
sides of the gearbox and a mount on the forward end of the engine. The deck
region above the engine compartment can be pivoted up and forward for topside
access to the power plant (the cooling system heat exchangers are also pivot
mounted), and a removable panel on the lower glacis provides access to
components mounted on the front of the engine. The engine compartment is
tntally enclosed by means of an insulated, aluminum, firewall which
incorporates engine and hydraulic component access panels., The engine
aspiration/filter system is positoned on the starboard side immediately below
the commander's position {the aspiration system includes a seawater shut-off
mechanism), and the exhaust system is placed in the port side ragion of the
power plant enciosure, aft of the driver's compartment.

An observer's station is positioned aft of the engine compart-
ment. A one-meter diameter opening on the top deck is provided to accommodate
the planned addition of a remotely operated, twenty-five millimeter, chain gun
weapon station. The present configuration consists of a cupola and seat for
the observer, and a top deck reinforcing ring with column supports.
support structure and deck reinforcement have been designed for wea
stations on the order of three-thousand pounds (1361 kg).

Two, fifty gallon (189 1) fuel tanks and two, twenty-five gallon
(96 1) hydraulic oil! reserveirs are positioned in the port and starboard
spunsons. The fuel tanks are constructed of stainless steel, The fuel tank
vents are external to the vehicle thereby eliminating the accumulation of fuel
vapors within the troop space. The hydraulically driven seaborne propulsors
{two-stage, twelve-inch (300 wm) diameter waterjets) are located directly
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below the fuel tanks in the port and starboard sponsons. Steering is
accomplished by means of hydraulically actuated deflectors which are
positioned just aft of the waterjet outlet nozzles. The waterjet inlets are
Jocated on the lower surfaces of the sponsons directly above the tracks. The
maximum forward water speed of the ATR (with the tracks retracted) is six
mites-per-hour (9.6 km/h).

The two-speed final drives with variable displacement hydro-
static motors are positioned on the lower hull side plates, at the stern. The
hydraulic pressure and return lines to the final drives and the waterjets are
routed below the bilge covers to preclude personnel injury in the event of a
primary line rupture. Aluminum shields and fabric protective liners are
additionally provided to enclose ail hydraulic propulsion system lines above
the bilge covers. The maximum forward land speed of the ATR is forty miles-
per-hour (64.4 km/h). A hydraulically actuated personnel and equipment ramp
is positioned in the stern plate. The ramp incorporates a smaller, manually
operated personnel hatch for emergency egress.

The hydropneumatic suspension units are positioned on the lower
hull side plates as shown in Figures 1.2-1 and 1.2-2. The suspension geometry
provides 16.5 inches (419 mm) of ropadwheel jounce (upward travel measured
vertically) and 4 inches (102 mm) of rebound (travel below the static position
measured vertically). The suspension is provided with a compensating idler
mechanism which additionally serves to take up excessive track sag when the
suspension units are retracted for seaborne operation.

A major safety feature of the ATR is the provision of an auto-
matic, Halon® fire detection and suppression system. The system is supplied
by Santa Barbara Research Inc., and represents the state-of-the-art in detect-
ing and extinguishing explosive fuel and oil fires.

The automotive control system 1is functionally portrayed in
Figure 1.2-6. The microcomputer and controls software developed by Southwest
Research Institute form the nucleus of the control system. The microcomputer
(SwRI Model SC-1) receives the operator input signals (steering, speed, range
selection, etc.) and feedback signals from the propuision system components
(engine, motor and sprocket speeds, pump and motor displacement and pressure,
etc.) and, through numerous calculation schemes, schedules the system
components for optimum performance levels.

1.9
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The computer-based control system also incorporates a digital

data recorder for automotive performance analyses, a secondary computer for
real time monitaring of selected propulsion system components, an analog
backup controller which provides an effective "get home" capability in the
event of a primary control system failure and, an electronics diagnostics

device,
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2,0 HULL AND FRAME
2.1 General Arrangement

This section contains a general overview of the hull and frame
configuration of the ATR and «lso provides a basic description of some of the
features of this strecture. A general Tayout of the hull configuration is
presented in Drawing No. 60011-10002, "ATR Overall Dimensions", found in
Volume III of this report.

2.1.1 External Structure

An exploded view of the external hull structure major components
is presented in Figure 2.1.1-1. All of the components are flat, 5083 aluminum
alloy plates. No forming operations are required for the fabrication of these
plates.

The majority of the hull structural area is composed of the top
plate, the sponson sides, the sponson bottoms, the hull sides, and the hottom
plate. Two sloping glacis plates form the ATR nose. Skid plates are located
at the forward and rear ends of the hull bottom plate to provide a transition
between the horizontal hull bottom and the nearly vertical lower front glacis
and hull rear plates. The use of these plates eliminates the formation of
sharp corners, which would be vulnerable to damage from cbstacles.

The center section of the top plate profile is extended forward,
above the slope of the upper front glacis, to accommodate the cooling air
inlet/exhaust grille.

The grille area extends rearward along the hull top deck,
between the commander's and driver's hatch locations. Thece hatches are
positioned on the outside areas of the top deck, immediataly behind the line
of intersection between the upper front glacis and hull top plate. The
hatches used are standard M113A1 APC driver's hatches. Providing hatches for
the ATR was accomplished by removing plate sections from an M113A1, These
plate sections included the hatches and vision block mounts. The ATR top
plate was cut out to accommodate the hatch area plates.

Immediately aft of the hatches and grilie area is a 39.37 inch
diameter circular cutout centered laterally on the top plate. In the initial
ATR configuration, this area is utilized as an observer's station. A sir inch
high turret ballast ring is boited on the upper curface of the top plate,
about the opening. An observer's cupela is bolted on top of the ballast ring.

2.1
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The cupcla used is the commander's cupola from an MIX3AL1 APC., In the future,
the ballast ring and cupola may be removed for the mounting cf a weapons
station on the ATR.

Features on the ATR sides include the waterjzt inlTet and outiet
port areas. Each of these ports is configured of three smail platac that are
integral to the hull weldment. The machining of these plates, neczssary to
accomplish mounting of the waterjets, is performed following welding, as
explained in Section 2.3. Guards 1ire bolted to the hull rear about the
waterjet outlet ports to prevent damage occurring to the rear of the waterjets.

Also included on the hull sides are several mounting plates whch
accomnodate the various suspension compconents mounted exterior to the hull.
These plates provide the proper lateral positioning of the suspension
components, and also add strength to the most highly stressed areas of the
lower hull. Again, these plates are welded in place prior to being final
machined.

The hull rear plate is inclined inward from the top at a 2°
angle, A large cutout 1is included in the rear plate. This cutout
accommodates a rear ramp and accompanying escape hatch, as discussed in
Section 2.6.

2.1.2 Internal Structure

The dnternal structure of the ATR hull consists primarily of
three elements, the weapons station support structure, the firewall, and the
floor and accompanying floor structure. FEach of these elements is detailed in
the following sections. See Drawing No. 60011-40230, "ATR Hull Internal
Arrangement" for an overall view of these elements.
2.1.2.1 Weapons Station Support Structure

The weapons station support structure consists of a support ring
and three vertical support columns, as iliustrated in detail on Drawing
No. 60011-40232, "Turret Support Structure". This structure is included on
the ATR to provide support of the top deck in the event a weapons station is
mounted in the ATR, ‘

The support ring, one inch high by three inches thick in cross
section, 1is welded to the underside of the hull top deck, about the
circumfarence of the weapons station cutout. fhis ring serves to increase the
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cross-sectional area of the top plate in the immediate region of the weapons
station and thus provide support against firing loads and both lateral and
longitudinal road shock loads.

The three vertical columns are mourted between the underside of
the support ring and tihe hull floor. They provide resistance to vertical road
shock loads. as well as to firing loads imposed by an elevated weapon. The
§3 forward two columns are cylindrizal, with a two inch outer diameter and a 0,25
inch thick wall. The rear column is a "C" channel. In the initial ATR
N arrangement, this column is utilized to mount the observer's seat.

% 2.1.2.2 Firewall

A 0.188 and 0.25 inch thick aluminum firewall encloses the
i engine compartment. The firewall is divided into two sections. The main
firewall section spans longitudinally from the front of the ATR to a point
imnediately behind the engine block. Vertically, this portion of the firewall
extends from the ATR ceiling to the level of the sponson bottoms, on either
side of the engine, At the bottom point, the firewall sides extend outward and
adjoin the inner edges of the sponson bottoms. The rear part of this firewall
section extends downward to the ATR floor. An extension is built rearward
from the Tower part of the main firewall, to encase hydraulic pumps mounted to
the rear of the engine. This extension protrudes beneath the weapons station
opening, hut is sufficiently Tow so as not to interfere with the observer's
station or with a weapons station, should one be installed.

2.1.2.3 Floor and Floor Structure

The ATR floor is located six inches above the inside surface of
the hull bottom plate. It is comprised of three sections of 0.25 inch
aluminum diamond tread plate material. Each of the floor sections is light-
weight and of sufficiently small size so that it may be readily removed in the
event that access must he gained to the biige area below it.
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The floor is supperted by the two main channels which run fore
and aft over the entire Tlength of the ATR. In addition to supporting the
floor plate., these channels provide the base for the engine mounting
structure. Only minimal fastening of the floor sections is requirad, to
1 prevent movement during operation over rough terrain.
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2.2 Hull Weldment

The hull weldment drawing, Drawing No. 60011-40201, is presented
in Volume IIIA, page 2.6 of this report. The component part drawings of the
weldment, are presented on succeeding pages of Volume IIIA. A list of the
component parts and their corresponding drawing numbers is provided in Table
2.2-1.

Table 2.2-1 Component Parts of the ATR Hull Weldment and
Corresponding Orawing Numbers

Component Part Drawing Number
Top Plate 60011-40202
Upper Front Glacis 60011-40203
Lower Front Glacis 60011-40204
Front Skid Plate 60011-40205
Hul1 Bottom 60011-40206
Rear Skid Plate 60011-40207
Rear Plate 60011-40208
Sponson Bottom 60011-40209
Sponson Side 60011-40210
HU11 Side 60011-40211
Forward Waterjet Mounting Plate 60011-40212
Upper Waterjet Mounting Plate 6G011-40213
Inner ¥Waterjet Mounting Plate 60011-40214
Final Drive Mounting Ring 60011-40215
Hydropneumatic Unit Mounting Plate 60011-40216
Channel Floor/Engine Support 60011-40217
Waterjet Inlet Mounting Plate 60011-40218
Waterjet Inlet Rear Transition Plate 60011-40219

Waterjet Inlet Forward Transition Plate 60011-40220

Radiator Cover
Radiator Cover
Weapon Station

Side Plate
Front Plate
Support Ring

60011-40221
60011-40222
60011-40223

Weapon Station Forward Support Columns 60011-40224
Weapon Station Rear Support Column 60011-40225

The material used for the hull weidment is MIL-A-46027, 5083
aluminum ailoy armor plate. The majority of the plates are 0.75 inches thick.
Excepriuns include the tront skid plate, hull bottom, and rear skid plate,
which are 1.125 inches thick, and the huil sides, which are 1.25 inches thick.
These plates form the lower part of the hull structure and are, therefore,
sudject to severe shock loads from the suspension system, necessitating their
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greater thickness. Another exception is the sponson bottom plates, which are
0.50 inches thick.

As the ATR does not require ballistic welds, all weld joints are
either constructed of fillet welds, groove welds, or a combination of the two.
Any machining operations necessary to prepare the component plates for welding
are performed during the plate manufacturing process so that no machining is
required during the welding procedure. Several of the weldment plates do
require such a process, which generally entails cutting an angle on & plate
edge so that there is sufficient space for a welding rod when that edge is
joined to another plate edge.

Note that some of the larger hull component plates are ejther
longer or wider than the available stock sizes of aluminum plate. These
plates are fabricated by joining smaller plates with butt welds, as shown on
the drawings of these plates. inese butt welds are done per MIL-STD-21A,
number 3 type weld. Plates manufactured in this manner are the top plate,
lower front glacis, hull bottom, rear plate, sponson bottom, sponson side, and
hull side.

A1l welds are done via a gas metal-arc process, using aluminum
alloy 5356 as a filler material. Inspection of the welds is accomplished with
a penetrant method as per MIL-1-5866.

Special plates included on the hull weldment are the hydro-
pneumatic suspension unit mounting plates, the front idler wmcunting plates,
the track support roiler mounting plates, the bump stop muunting plates, and
the tinal drive mounting rings. Each of these parts is welded to the hull
side and then final machined, as described in Section 2.3 of this report, to
provide a mounting surface for an item that is bolted to the hull. 1In
addition to providine a mounting surface, these plates serve to increase the
strength of the hul® side in areas of high stress and, with the exception of
the bump stop mounting plates, provide the proper positioning of the
components mounted to them with respect to the irack.

2.6
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2.3 Hull Machined :
This section contains descriptions of the machining processes

that are performed on various areas of the ATR hull, following welding. The
waterjet inlet and outlet plates were machined prior to welding. The hull
machining drawing, Drawing No. 60011-40200, is presented in Volume IIIA, page

2.1,
2.3.1 Suspension Component Mounting Surfaces r

Areas machined for the mounting of suspensicn components include
the final drive mounting rings, the hydropneumatic suspension unit mounting
plates, the front idler mounting plates, the track support idler mounting *
rings, and the bump stop mounting pads. Two individual machining operations
are performed on all of these areas. The first of these operations is to face
machine the mounting surface so that the component mounted to it is positioned i
the correct lateral distance from the hull and is parallel to the other
suspension components. The second operation is to drill a hole pattern that ¥
is identical to the mounting bolt pattern of the component into the mounting
surface. Rosan inserts are placed into these holes to provide anchors for the
mounting bolits. All mackining operations of the individual suspension
components are listed below.
2.3.1.1 Final Drive Mounting Ring

1. Face machine mounting surface on & plane that is parallel to
a vertical plane through the longitudinal centerline of the hull. This opera-
tion is critical, as the face machining of all other suspension component
mounting surfaces is based on this surface. The nominal thickness of the ring
after machining is 1.75 inches.

2, Machine the 16.0 inch diameter hole to finished size. This
hole is aiso cut through the hull side plates at this time.

3. Drill mounting hole pattern of eighteen holes to accommodate
1/2-20 locking ring type Rosan inserts.
2.3.1.2 Hydropneumatic Suspension Unit Mounting Plates

1. Face machine mounting surfaces {5 per side) parallel to the
final drive mounting surface. The nominal thickness of the plates after
machining is 0.% inches.

2. Machine out center opening of plates to finished size.
These openings are also cut through the hull side plates at this time.

2.7
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3. Driil mounting hole pattern of ten holes to accommodate 5/8
- 18 Rosan slimserts.
2.3.1.3 Idler Mounts

1. Face machine mounting surface paraliel to the forward hydro-
pneumatic suspension unit mounting. surface.,

2. Machine the pilet boss, which provides for accurate align-
ment of the idler support spindle during mounting, to finished size.

3. Drill mounting hole pattern of eight holes to accommodate
3/4-16 (ocking ring type Rosan inserts.
2.3.1.4 Track Support Roller Mounting Rings

1. Face machine mounting surfaces (2 per side) parallel to the
nearest hydropneumatic suspension wunit mounting surface. The nominal
thickness of the rings after machining is 0.5 inches.

2. Drill mounting hole pattern of six holes to accommodate
1/2-20 locking ring type Rosan inserts.
2.3.1.5 Bump Stop Mounting Pads

1. Face machine mounting surface parallel to mounting surface
of #4 hydropneumatic suspension unit. The nominal thickness of the pads after
machining is 0.5 inches.

2. Machine 0.75 inch wide shear key groove into pad.

3. Drill mounting hole pattern of four holes to accommodate
1/2-20 locking ring type Rosan inserts.
2.3.2 Waterjet Mounting Surfaces

Both the inlet and outlet waterjet mounting areas required
machining of the plates prior to welding. During welding these plates were
held in place by a fixture which duplicated the waterjet mounting hole
locations. The machining details of each area area listed below.
2.3.2.1 Waterjet Inlet Area

1, Machinu the inlet opening into the waterjet inlet mounting
plate.

2. Drill and chamfer a seventeen hole pattern, matching the
mounting bolt pattern of the waterjet inlet, ahout the inlet opening.
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2.3.2.2 Waterjet OQutlet Area

1. Machine the 8.5 inch diameter outlet opening into the
waterjet outlet mounting transome, using the waterjet centerline
reference to obtain the outlet openings' true position.

as a

2. Drill and prepare a four hole pattern, matching the mounting
bolt pattern of the waterjet rear, about the outlet opening.

2.3.2.3 Waterjet Inlet and Outlet Positioning
A steel tixture which dupiicated the waterjet, including inlet
and outlet mounting hole locations, was fabricated. The inlet and outlet

plates of the hull structure were machined and boited to the fixture prior to
welding these plates inte the hull structure.

Correct alignment of these
plates was achieved by employing this method.

2.9
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2.4 Personnel Accommodations

The personnel accommodations include seating arrangements for
t.2 ATR driver and commander which are similar to the HSTV(L), RDF-LT, and Ml
driver's stations. For the observer's station located at the weapon station
mount, a seating arrangement similar to the RDF-LT, 76mm turret is employed.
2.4.1 Driver's and Commander's Stations

The driver's and commander's stations are configured to accom-~
modate the 5th and 95th percentile crewman. Each is seated in a semi-supine
position as shown in Figure 2.4.1-1. The seat assembly is similar to the
RDF-LT driver seat with several improvements:

1. Several of the seat back adjustments, which are not used on
the RDF-LT, have been eliminated. This simplifies seat construction and
operation, while reducing the number of parts required;

2. The crewman generates the force required to elevate the seat
by pushing his legs and feet forward. The RDF-LT requires the crewman to pull
up the seat while raising his weight off of the assembly.

The ATR driver's and commander's seats are supported by cam-
rollers which ride inside two "C" channels attached to each of the seat side
frames. The front channels are horizontal while the reer channels are
inclined at a 30° angle from the horizontal. As the seat is pushed back by
the crewman it can be raised 12.5 inches from its lowest position. Locking
mechanisms located on both sides of the seat frame allow the operator to set
the seat at 11 different positions of elevation. The elevation lock release
lever is located on the left side of each seat.

The ATR driver's and commander's seats can also be set at 9
equally spaced fore/aft positions over a 8 inch span. The seat side frames
are supported by cam-rollers which ride in two "C" channels which are attached
to the bottom of the sponson. The fore/aft lock release is located on the
right side of each seat.

Both the fore/aft and elevating mechanisms have spring assists
to reduce the effort required to raise or move the seat forward.

A pivot is located at the base of the seat back which allows the
back to be folded toward the front or back of the vehicle after released. The
seat back release mechanism consists of a "U" shaped spring-loaded plunger
mounted on each side frame which engages a cam-roller on each side of the seat

2.10
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back. A pull handle located at the center front edge of the seat cushion is
used to release the plunger assemblies via a cable routed underneath the seat.
The seat and seat back cushions will be fabricated from foam rubber pads
covered with nylon parachute pack cloth.

2.4.2 Observer's Station

The observer's station is equipped with a seat which is similar
to ROF-LT 76mm turret seat. The seat bolts into evenly spaced holes located
vertically along the rear support column of the weapon station support
structure as shown in Figure 2.4,2-1. It is attached to the column with
double cam handle eye bolt and pin which engages a vertical row of evenly
spaced holes on the support column. The seat is adjusted in height by
removing the double-cam handie eye bolt and spherical washers. The seat is
manually lifted or lowered to the desired position. The spherical washers and
handle eye bolt are reinstalled. The handle eye bolt is secured by turning
until it is snug with the handle pointing to the rear of the vehicle, then
folding the handle so that it is parallel to the support column.

The seat cushion and seat back both consist of foam rubber pads,
backed by support plates and covered with Naugahyde®. The seat is designed to
facilitate its removal from the vehicie. Removal is accomplished by removing
the double-cam handle eye bolt and spherical washers, and removing the seat.

2.12
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2.5 Appendages
2.5.1 Towing Lugs

The ATR is equipped front and rear with towing lucs as shown in
Figure 1.2-1. The lugs conform to M113 drawing number 8763384. Each lug is
bolted to the hull with six 5/8 inch, grade 8 holts. The center to center
spacing is 47 inches at the front and 37 1/4 inches at the rear. This spacing
and configuration is compatible with either towing cables or the standard US
Army tow bar, medium duty, MS500048. The integrity of the hull structure at
the towing lug attachment points has heen verified during the final hull
stress analysis as discussed in Section 2.8. Reinforcing plates, which are
welded into the hull, are employed at each tow lug location.
2.5.2 Lifting Eyes

A combination Tifting eye and mooring bitt is attached near each
of the corners of the ATR hull top plate. These lifting eye/mooring bitts
conform to LVTP7 drawing aumber 2584217, Each lifting eye is bolted to the
hulil with four, 3/4 inch, grade 8 bolts. The integrity of the hull structure
at the 1iftiry eye attachment points has been verified during the final huljl
stress analysis as discussed in Section 2.8. Reinforcing plates, which are
welded into the hull, are employed at each 1ifting eye location.

The 1ifting eyes also permit tiedown of the ATR to the fioor (or
deck) of the transport medium in such a manner as to prevent shifting or
movement in any direction.

2.14
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2.6 Hatches and Ramp
. This section presents a detailed discussion of the various areas
of ingress and egress of the ATR venicle. These areas include the driver's
and commander's hatches, the rear ramp and accompanying escape hatch, and the
gbserver's station.
2.6.1 Oriver's and Commander's Hatches
{? The driver's and commander's hatches of the ATR are adapted
‘ driver's hatches from the M113 APC, including the MI113 wunity vision
periscapes. These hatches were chosen over hatch configurations employing
A "straight through" vision blocks, as these latter configuraticns require the
crewnan’'s eye to be directly in line with the vision block, resulting in the
X crewmen's head protruding above the top deck of the vehicle. Thus, the
% crewnan would be subject to injury from threats which would be defeated by the
hull armor, but would not be defeated by the vision blocks. Examples of cuch
a vision block configuration are shown on Drawing No. 60011-10032, "Hatch Con-
i figuration, Vision Block" and Drawing No. 60011-10038, "flat Clear Armor
; Vision Block/Hatch Configuration®. This consideration, although minor for the
a initial test bed vehicle, will be of great importance shouid a combat vehicle
g based on the ATR design be built. Details of the hatch installation are

depicted on Drawing No., 60011-40235, "ATR Hatch Installaticn".
i The hatches are located at the forward eage of the hull top

plate, in positions that afford maximum forward and side visibility, but still
allow adequate leg room for the crewmen. In conjunction with the adjustable
contour seat design being used (see Section 2.4), operation of the vehicle is
possible in both open and closed hatch positions. An additional seat position
is included to facilitate ingress/egress from the hatch.
2.6.2 Ramp

The rear ramp of the ATR is shown in Drawing No. 60011-40233,
“Ramp Installation". The outer dimensions of the ramp are 60.75 inches wide
{ by 52.00 inches high, centered about an cpening 54.75 inches wide by 46.00
inches high.

a
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The ramp is constructed of three layers, each made of aluminum.
# The outer layer is a .75 inch thick plate, while the inner layer is a 0.25
inch thick diamond tread plate. A layer of 1.50 inch square structural tubing
is sandwiched between the inner and outer layers. In addition, two wear pads,
a 1.25 inches thick by 6.0 inches wide, are attached to the outside upper
corners of the ramp.

g Raising and lowering of the ramp is accomplished via a
vertically mounted hydraulic rotary cylinder that is attached to the ramp by a

! roller chain and sprocket system. This system is illustrated in detail on
é drawing No. 60011-40233, "Ramp Instatlation". When in the closed position,
the ramp is secured by two hydraulically actuated latches. These latches are

controlled by a switch on the driver's control panel. A safety switch on the

control panel prevents accidental operation of the ramp through the actuator
L system. The latches are shown on Drawing No. 60011-40233. In addition, limit
switch interlocks are utilized to indicate that the ramp is closed and sealed
¥ prior to ATR amphibious operation.
A 31.0 inch square emergency cscape hatch, with a 26,0 inch
} square opening, 15 located near the center of the ramp. Four manually

actuated latches are used to secure the emergency hatch. These latches are

designed so as to be flush with the tread plate on the inside of the ramp.
2.6.3 Observer's Station

The observer's station of the ATR consists of a commander's
cupola of an M113A2 vehicle with vision blocks, which is welded to a mounting
ring bolted to the hull top plate. A seat, discussed in Section 2.4, is
mounted below the cupola and is adjustable to allow seating during both open
and closed hatch observation. The hatch of the cupola provides the crew with
an aiternate means of dingress/egress, as well as with an alternate escape
route.

2.16
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2.7 Grille Assemblias

The grille assembly for engine cooling air intake and exhaust is
shown in Figure 2.7-1. This assembly is Tocated on the hull top plate between
the driver's and the commander‘s stations and extends forward over the upper
front glacis in a section raised to the same level as the huil top plate. The
front partion of the grille assembly is used for conling air intake and the
rear portion is used for cooling air exhaust. A louvered closure mechanism
which spans the entire area of the grille is provided to seal the assembly
during waterborne operations.

The exhaust area is divided into two sections with three louvers
covering each section. The port side (driver's side) section covers the
primary cooling fan exhaust and the starboard side section covers the
secondary cooeling fan exhaust, Each of these sections operate independently.
The primary fan exhaust louvers open and close with the five air intake
louvers and are operated by two hydrualic cylinders and their associated
linkages. The secondary fan exhaust louvers are controlled by a separate
hydraulic cylinder and linkage. The opening and closing of the grille louvers
is controlled by the SC1 computer. The air intake and primary exhaust louvers
are open during land mode and closed during transition and sea modes. The
secondary exhaust louvers are closed at al) times except during land mode when
additional cooling is required (coolant temperatures above 200°F or trans-
mission oil temperatures above 140°F)., The center louver of the secondary
exh.ust section has a slotted linkage connected to it and will be raised in
transition and sea modes of operation. During these modes of operation the
secondary fan is operated in low speed for ventilation of the engine and crew
compartments. The ventilation air is exhausted through this louver. A
screen assembly is located across the top of the grille to prevent entry of
debris or foreign objects.

The grille assembly is mounted at a level of approximately 8
inches below the hull top plzte. With the louvers open, weapon depression is
not compromised and crew member tields-of-view are not affected. A sloping
front plate and two side plates prevent water from entering this recessed area

2.17

o o chise losaee of proposal data s seebject 1o tha restoction an the Fitle page of vhas Proposal




Tvas ~ |

awvad 3w —14__ (L 7 — ==

WOMAL-Was Bo0a ||\ ,. %\ 7 . . y ; .
X7 ) /N ~ TN NIVHO HLVA
(3018 Y4 £) (S) SHOOA IXV.iM WY
e oy ot e ATSHISSY NIHOS
( 38 HVIN €) S
3

WS{URGIBW 34NSO(J GO 4BANOT YILK A{QUASSY | |i49 [-£°¢ §4nbij

LT T LT ST T T e e e
H37009 WO NOISSINSNYUL I/
HOLYIQYH INIONI ! HZONETAD
(Z) 8NYJ H318AS HNW00D /

HVYE YOLYNLOY l/
L)

2.18




] . 1
until it exceeds the level of the hull top plate. A one-way flap type valve %
located along the lower edge of the front plate allows any water {rapped in
this recessed area to drain forward. This design has a significant advantage,
in that, with the louver doors located on top of the grille assembly, any
pressure exerted by the presence of water tends to increase the sealing

pressure rather than relieve it as is the case of the interior doors used un
LVTR7 pienum assemblies. F
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Hull Stress Analysis
This section contains a description of both the aralysis methods
used and the results obtained from the various stress analyses performed on
companents of the ATR hull. Many of the analyses presented here were
originally discussed in two published reports: "ATR Preliminary Stress
Analysis" (R-60011-00003) and "ATR Hull Structural Analysis - Suspension
Induced Loads" (R-60011-00005). In addition to discussing the analyses of
these earlier reports, this section will present revisions of the original
analyses, as well as new analyses related to the ATR hull., Stress analyses
relating to the components of the suspension system will be discussed in
Section 3.11. Note that the loading conditions examined in the following
sections are based on the requirements definad in the report "ATR Design
Criteria" (R-60011-00002).
2.8,1 Hull Analysis

This analysis was originally performed in February 1984 to
determine the effects of the maximum design road loads on the ATR preliminary
hull weldment design. Although the basic hull weldment configuration has bheen
altered somewhat since the analysis was performed, these alterations are not
of a magnitude which would substantially effect the results of the analysis.
This is especially true at Section C-C (seex Section 2.8.1.1.2, below, for an
explanation of the cross-sections analyzed), the most critical hull cross-
section analyzed, which is essentially unchanged from its initial
configuration. A report of this analysis, which was originally presented in
R-60011-10003, is given below.
2.8.1.1 Analysis Method

The ATR hull was stress analyzed by the application of various
combinations of maximum design roadwheel loads to the hull and the
determination of the stresses, at a certain vehicle section, resulting from
these applied loads. A drawing showing the location of the applied loads and
of the sections at which the stresses were analyzed is presented in Figure
2.8-1.
2.8 t.1.1 Applied Loads

The maximum applied lead at each roadwheel station was
determined by the method described in Chapter 4 of the Engineering Design
Handbook “Automotive Bodies and Hulls" (AMCP No. 706--357, 20 April 1970). The
resulting Toads were as follows:

2.20
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Load at Station #1
Load at Station #2
Load at Station #3
Load at Station #4
Load at Station #5
2.8.1.1.2 Sections
Cross-sectional views of the areas that were stress analyzed are
presented in Figures 2.8-2, 2.8-3, and 2.8-4., Sections A-A, B-3, C-C are
located a* roadwheel stations #1, #2, and #3, respectively. Each section was
treated as a closed, thin-walled, hollow member.
2.8.1.1.3 Load Cases
The Tload cases analyzed during this preliminary structural
analysis are presented in Table 2.8-1.

101,920 1bs.
50,960 1bs.
50,960 1hs.
50,960 1bs.
50,960 1Ls.

H

tH

Table 2.8-1. Preliminary Structural Analysis load Cases

Section Where Stresses

Load Case Applied Load Are Determined
1 P1 to one vehicle side A-A
2 P1 and P2 to one vehicle side B-B
3 Pl’ P2 and P3 to one vehicle side Cc-C
4 P1 to both vehicle sides c-C
5 P, and Py to both vehicle sides c-C
6 Pis Pps P5s P, and Py to one vehicle  C-C

i
side
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In each case the hull was assumed fixed at the scction being analyzed.
Stresses were de¢termined at Points A, B and C (see Figures 2.8-2, 2.8-3, and
2.8-4) for each load case.

2.8.1.1.4 Formulas Used

T

Torsional Stress - fs = ??Eff
where,
T = applied torque

®

area within the perimeter defined by the centerline
of the structure

o
]

thickness of beam being analyzed

Direct Shear Stress - fS = —%—

Where,
F = applied shear load
A = area of cross-section

Bending Stress - fb = IMC
xt

Where,

=
"

applied bending moment

[o]
n

distance fron neutral axis to point being analyzed

—
"

area moment of inertia about neutral axis

Total Shear Stress - f = f + f

s total s torsion s direct

AT
o _ b 2 2
Principal Stresses - f_ . ”\/(“?TJ * 5 total




F
. _'B _
Margin of Safety, Bending - M'S'Bending = 1
nmax
Fs
. e ) Fs
Margin of Safety, Shear M.S.Shear p 1
smax

where,
FB = allowable bending stress

FS = allowable shear stress

2.8.1.1.5 Allowable Stresses

The allowable bending stress used was 40,000 psi, the ultimate
strength of welded 5083 Aluminum Alioy. The allowable shear stress used was
2G,000 psi, one-half of the ailowabie bending stress.

2.8.1.2 Sample Calcuiations

The example calculations presented here are for Case 3, Points B
and C. These calculations will include examples of all stress calculations
used. The calculations of the location of the neutral x axis and of the area
moment of inertia are not presented as they are standard calculations and

requirc large amounts of space to perfoim. The results of these calculations
are as follows:

<
i

distance from hull bottom to neutral axis = 25.509"
1. ' = area inertia about neutral axis = 138,602.42 in4

2.8.1.2.1 Stresses at Point B, Load Case No. 3

Point B occurs on the neutral axis and, therefore, encounters
both torsional and direct shear stress, but no bending stress.

T
Torsicnal Shear Stress - fs = ?1Eff

T

fl

(P1 + P2 + P3) (43.375")

(101,920 1b + 50,960 1b + 50,960 1b) (43.375")
'8.84156 x 10° in b3

2.27




31.125" (105.25") + 26.6875" (64.75")
2

@

53169.672 in
1.25

ot
n

8.84156 x 10% in 1bs

= 5 = 664.82 psi
2(5319.672 in“)x(1.25 in)

w

Direct Shear Stress - fS = F/A

F = P1 + P2 + P3

101,920 1bs + 50,960 1bs + 50,960 1bs

203,840 1bs

A = 255.440 in® (Determined with ¥ and 1)
£, = 203,840 1be . 798.00 psi

o

255.440 in

Total Shedr Stress ~ f + f +f

s Total s Torsion s Direct

fs = 664.82 ps1 + 798.00 psi = 1,462.82 psi

Total

Since there is no bending, f, = 0 and fo max - fS Total

_ 20,000 psi -
MS-shear = T:ZB??B?‘%ET‘ - 1=12.67

2.8.1.2.2 Stresses at Point C, Load Case No. 3
Point C occurs at the maximum distance from the neutral axis.
At this point, the direct shear stress is 0.
Torsional Stress - Same calculation as 2.8.1.2.1, except
t = 6.75 in

fg = 1108.03 psi
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Bending Stress fB ol

xl
M =P, (55") + P, (26")
= 101,920 1bs (55") + 50,960 1bs (26")
= 6.93056 x 10° in 1bs

C = 36.24 in

I = 138,602.42 in®

¢ . 6.93056 x 10° in 1bs (36.24 in)

[ - RSN
i S e et o, s
e e T %

T = 1,812.16 psi
138,602.42 in

Principal Stresses - fsmax = 4\//(;;) 2 + fs 2

Lise
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2
£ - 1,812.16 QS;\ =+ 11,108.03 psi)2 = 1,431.33 psi
smax 2 /
:fb
nmax - = = smax

1,812.;6 psi +1,431.33 psi

2,337.41 psi, -525.25 psi
Margins of Safety

_ 40,000 psi -
M’S'Bending T T 3T 4T psT T 1=16.11
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M.S . 20,000 psi

‘Shear = T 431,33 psi ~ L~ 12.97

2.8.1.3 Results
The results for each load case described in Section 2.8.1.1.3
are detailed in Table 2.8-2, below.

Table 2.8~2. Results of Hull Structural Analysis

L.oad Case Point M'S'Bending M.S.Shear

1 A 53.15
B - 26.26
C - 35.10

2 A 45.63 31.90
B - 13.72
c 34.03 21.90

3 A 23.79 19.49
B - 12.67
C 16.11 12.97

4 A 18.39 -
B - 24.08
C 12.65 -

5 A 14.68 -
B - 15071
C 10.04 -

6 A 27.66 16.58
B - 8.11
C 18.34 10.75

in none of the cases checked does the structure approach failure.

2.8.1.4 Revised Analysis of Sections A-A and B-B

The analysis detaiied in the above sectir-ns assumed that the top
{ plate of the hull was a solid mcmber except for the hatch and turret areas.
Tnis is not true in that the engine grille, located in the forward area of the
top plate, provides no structural support. This fact effects the analysis
done for cases #1 and #2. These case analyses were redone, using revised
cross-sectional configurations. The sections were again treated as closed,

2.30
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g : thin-walled, hollow members. The support of the firewall, which was increased
in thickness to add structural support to the top hull plate between the date

of the initial hull analysis and the date of this analysis, was neglected.
i The results of this analysis are presented in Table 2.8-3.
! Table 2.8-3. Revised Results of Cases No. 1 and No. 2 of Hull
E Structural Analysis
| Load Case Point MSBending MSShear
; 1 A 50.36
i B - 23.78
( C - 33.24
L 2 A 42.22 29.91
i B - 16.94

C 29,10 19.98

% Again the structure does not approach failure for either case. Note that the
& M.S. in shear actually increases for Point B of Load Case #2, as compared to
1 the initial analysis. This is due to the fact that Point B, which is located
! on the netural axis, is shifted from a beam 0.75 in. thick to one that is 1.25
: in. thick due to a lowering of the neutral axis. This lowering is the result

;j of the removal of area from the uppper part of structure.
a 2.8.2 Analysis of Top Plate
!

nould a weapons station be mounted to the ATR, the firing loads

ﬁ and road shock loads woulid be transmitted into the top plate of the hull.
{
1

\ This analysis was performed to determine if the hull top plate is capable of
%‘ supporting these loads. It was assumed that the weapons station would be a
( remotely con ~olled, unmanned turret, mounting a 25mm cannon.

When this analysis was initially performed, it was assumed that
the top plate was supported by welds on each side and had no additiona?l

reinforcing structure. In this configuration, the piate faiied when subjected
to the design lcads.

% The addition of a weapon station support ring, a lateral
i support beam immediately aft of the weapon station, and a structural firewall
1 forward of the weapons station allowed the structure to survive the design
3 Toads.

Since the time of this analysis, which was reported in R-60011-
00003, both the weapons station support structure and the design loads have
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changed. The new structure is 1illustrated on Drawing #60011-10042, "Turret
Support Structure". The structure now consists of a turret support ring and
three vertical support columns. Note that the firewall is no longer
considered a part of the structure. A new analysis has been performed to

assure the ability of this structure to withstand the design loads. This
analysis is presented below.

2.8.2.1 Applied Loads

The following loads are applied to the top plate:

1. A 21,000 1b. firing load, applied at any angle between -8°
and +60° with the horizontal (includes safety factors).

2. An 18 g vertical road shock load, applied to the turret
weight at the turret c.qg.

3. A 9 g longitudinal road shock load, appiied to the turret
weight at the turret c.g.

4, A 7.5 g lateral road shock load, applied to the turret
weight at the turret c.g.

The loads are applied independently. The design turret weight
is estimated as 3000 1bs, which includes the weight of the armament and
ammunition, as well as the turret structure.
2.8.2.2 Analysis Method

Two analysis methods were utilized in examining the top plate.
The primary method used was a NASTRAN finite element computer analysis,
utilized to determine the stresses and deflections resulting in the top plate
and turret support structure due to the application of the various loads. The
second analysis method utilized standard buckling formulas to assure that none

of the support columns would buckle under the maximum vertical loads imposed
on then.

2.8,2.3 Results

Several 1load cases were examined with the NASTRAN stress
analysis method. It was found that the top plate and support structure did
rot fail in any of the cases cxamined.

The most critical load case examined proved to be the applica-
tion of the 18 g vertical road load. The results of the analysis of this case
are presented in Figures 2.8-5, 2.8-6, and 2.8-7. Figure 2.8-5 presents the
model of the top plate, along with the grid point identification numbers of
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the model, and indicates the point where the maximum plate deflection of 0.690
inches occurs. Figure 2.8-6 presents the model of the top plate, along with
its element identification numbers, and indicates the element in which the
maximum stress of 6800 psi occurs. Figure 2.8-7 presents the models of the
suppert columns and indicates areas of high stress. Note that at no point
does the stress resuiting in the structure approach the ultimate strength of
5083 aluminum (40,000 psi).

Studying the allowable critical loads before buckling for the
vertical support columns showed that the original forward columns considered
were inadequate to support the loads imposed on them. A proper size was
determined for these columns and the new column design was incorporated into
the structure. The new column design has a 2.0 inch outer diameter and a 0.25
inch thick wall. The original rear column design was adequate to suppart the
load applied to it.

The forward columns were initially examined in two ways. The
first way treated the columns as fixed at one end and pinned at the other,
while the sacond way treated the columns as fixed at both ends. The actual
behavior of the columns is somewhere between these ideals. The stricter
criteria, one end fTixed and the other pinned, was used to choose the needed
column size and also to examine the rear column.
2.8.2.4 Reanalysis of the Ton Plate

The NASTRAN analysis of the top plate and weapons station
support st.-ucture was conducted again following the design of the
intake/exhaust grille. This reanalysis was required since the final grille
design created changes in the hull top plate and the reiocation of the weapons
station towards the rear end of the ATR. The applied loads and analysis
method utilized were identical to those described in the preceeding sections.
2.8.2.5 Results of the Reanalysis

Upon examination of the revised top plate and weapon station
support structure, it was determined that the forward turret support columns
were not sufficient to support some of the applied loads. To correct this
deficiency, columns having a 3.0 inch outer d’ameter and a 0.375 inch wall
thickness were used to replace the previous forward support columns design.
Following this design change, all of the structural components analyzed were
found to be of sufficient strength to support each of the design loads imposed
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on them. The maximum stresses incurred in the individual structural members
are summarized in Table 2.8-4.

The maximum deflection of the structure was 0.411 inches. This
deflection occurs in the top plate, midway between the rear of the weapons
station and the rear of the top >late. The deflection results from applica-
tion of the 18g vertical shock load.

2.8.3 Floor Analysis

This analysis was performed to determine the load carrying
characteristics of the ATR floor. The analysis was performed on the floor
plates as they were initially configured within the hull. This configuration
consisted of three plates. Two of these plates spanned the length of the
vehicle and extended laterally from the main floor/engine support channels to
the vehicle sides. The third plate covered the center area, between the two
channels and spanned from the firewall to the vehicle rear. The plates were
supported at each edge. It was found that these plates would withstand loads
well above the design floor load of 100 1bs/ft2 and would have minimal
deflection at a load of 100 1bs/ftZ.

The current floor plate configuration consists of nin. plates.
Each plate is supported on all sides, as shown on Drawing # 60011-40230, None
of the plates approaches the overall size or the span of the plates of the
original design. It is unnecessary, therefore, to revise the flcor analysis,
as the new floor configuration is obviously sunerior to the initial design in
supporting Joads. The original analysis is presented below.
2.8.3.1 Floor Description )

The floor plate of the hull is a 0.25 in. thick aluminum plate,
supported on four sides and by two lateral heams running fore tc aft over the
entire vehicle length. These beams will also he used to support the engine.
2.8.3.2 Analysis Method

The 1lateral beams divide the floor into three sections of
ractanguiar plates, supported on each side. This analysis consisted of
determining the maximum allowahle load for an outboard section and for the
center section of the floor, the deflection resulting from the maximum
allowabie load, and the deflection resulting from a load of 130 1bs/ft2,
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2.8.3.3 Formuias Used

fb t2
Allowable Load - q = ——s—
B b
Aqp®
Deflection - y = —3.2
£¢3
Where,
fy, = bending stress
t = plate thickness
b = length of short side of plate
E = Young's Modulus
A,B = constants

These formulas were taken from:

Roark, Raymond J. and Young, Warren C., Formulas for Stress and

Strain, (New York: McGraw-Hi1l Book Company), 1975, p. 386.

The allowable bending stress was taken as 33,000 psi, the yield stress of a
thin, 5083 aluminum plate.
2.8.3.4 Results

The results of this analysis are presented in Table 2.8-5.

Table 2.8-5. Results of Floor Analysis

Deflectian at Deflection at

Allowable Load Allowable Load Load of 100 psf
Floor Area (psf) {in.) {in.)
Quthoard 1222.6 0.81 0.07
Center 1549. 4 0.64 0.04

The floar wiil easily support the load imposed on it, which is not expected to
exceed 100 pst.

2.39
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2,8.4 ATR Nose

This analysis was performed to insure that the welded plates
configuring the nose of the ATR would not fail under the lcad =2ncountered when
the ATR overrides a three inch diameter tree. The force generated in
accomplishing this is estimated as 500 Ibs. The initial hull configuration
easily withstood this load.

Since this analysis was performed, the hull configuration has
been changed by the addition of an upper front glacis plate which slopes down
from the ATR top plate until it intersects the lower front glacis plate. This
addition lowers the initial contact point between the ATR and tree, hut does
not alter the fact that the contact point is along the welded joint of two
hull plates. In the initial analysis, as discussed in R-60011-00003, this
weld was the most critical area examined, but still maintained a margin of
safety of 6.0 under the 500 1b. load. As the weld joining the upper and Yower
glacis plates in the present configuration is tiicker thdan that examined in
the original analysis, it may be safely assumed that the current nose
structure is more than adequate to withstand the overriding of a three inch
diameter tree.

2.8.5 Shock Factor Diagram

In conjunction with the vehicle streus analyses, a shock factor
diagram was derived to determine the design g load applied to vehicle mounted
items. The method used for drawing this diagram is presented in the design
manual "Automotive Bodies and Hulls," Chapter 4, page 4-14 (AMCP No. 706-357,
20 April 1970)., This diagram, which is used in designing the mounting
structure for all vehicle mounted components, is presented in Figure 2,8-8,
2.8.6 ATR Hull Structural Analysis - Suspensicon Induced loads

Finite element analyses have been performed to determine the
effects of suspension induced loads. These analyses were originally discussed
in R-60011-00005.
2.8.6.1 Loading Conditions

Three loading conditions have been evaluated in the analysis:

Load Case A:

From, "ATR Design Criteria", R-60011-00002 a road load applied
at the centerline of the track of 102,000 pounds. The Yoad will be reacted by
the road wheel impacting the sponson bhottom together with the hydropneumatic
suspension unit resistance (4 g's avg.).

2.40
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Load Case B:

From, "ATR Design Criteria", a road load applied laterally
against the bottom edge of the road wheel. The load will be reacted into the
hull side in the area of the bolted connection to the hydropneumatic
suspension unit.

Load Case C:

A road load applied at the centerline of the track equivalent to
4 g's. The load will be reacted into the hull side in the area of the bolted
connection to the hydropneumatic suspension unit.
2.8.6.2 Assumptions

Several assumptions have been made in order to simplify the
structural model. These are as Tollows:

1. A vertical cross section of the vehicle was analyzed which
represents one wheel station.

2. Symmetry was assumed. Therefore, one half of the cross
section was analyzed,

3. The hydropneumatic suspension unit mounting flange was
assumed to be rigid.

4. The road arm and wheel assembly were assumed to be rigid.

5. The top deck was assumed to be a flat plate without cutouts
and stiffeners,

6. A1l elaments used are flat piates.

7. The hull side piate and sponson side plate edges are
restrainad in the vertical direction.

8. The sponson bottom plate edges are restrained in the lateral
direction.
2.8.6.3 Mndel Description

The finite element mode! used in this analysis is depicted in
Figure 2.8-9. This model is one half of a 40 inch long cross section of the
ATR hull. The length of the section was selected such that the suspension
unit mounting location and the wheel bump stop could be effectively modeled.

Figures 2.8-10 through 2.8-12 show the magnitude and lccation of
the loads applied to the model for load cases A, B, and C.

Figure 2.8-13 shows the houndary constraints which were imposed
on the model.
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ATl hull members are modeled using flat plate elements and all
joints are assumed to be full penetration or equivaient welds.
2.8.6.4 Material Properties

Material: 5083 aluminum alloy armor per AAI Engineering Report
No. R-60011-00002, ATR Design Criteria with as welded properties: Ftu =
40,000 psi, Fty = 33,000 psi.
2.8.6,5 Results

Prior to this analysis the lateral stiffener, which is shown in
Figure 2.8-9, was not in place. Without this stiffener the sponson bottcom
plate experienced 170 ksi stress due to load case A. Due to these stressas a
stiffener was sized, as detailed in R-60011-00005.

The maximum stress in each plate and the stifferer are provided
in Tables 2.8-6, 2.8-7 and 2.8-8 for each load case.

Table 2.8-6 Stresses Due to Load Case A

Principle Stress Margin of Safety Margin of Safety

Plate (psi) (yield) (ultimate)
Hull Top 734 44 53
Sponson Side 11720 1.8 2.4
Sponson Bot. 30530 0.1 0.3
Hull Side 15100 1.2 1.6
Bot. Plate 2060 15 18.4
Stiffener 23210 0.4 0.7

Yable 2.8-7 Stresses Due to Load Case B

Principle Stress Margin of Safety Margin of Safety

Plate (psi) (yield) (ultimate)
Hull Top 92 358 434
Sponson Side 786 41 50
Sponson Bot. 14700 1.2 1.7
Huli Side 24100 0.4 0.7
Bot. Plate 5650 4.8 6.1
Stiftener 8200 3.0 3.9

o~
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Table 2.8-8 Stresses Due to Load Case C

Principle Stress Margin of Safety Margin of Safety

Plate (psi) (yield) (ultimate)
Hull Top 534 60.8 74
Sponson Side 504 64.5 78
Sponson Bot. 9470 2.5 3.2
Hull Side 15600 1.1 1.6
Bot. Plate 2400 12.8 15.7
Stiffener 5310 5.2 6.5

The maximum deflections due to each load case are provided in Table 2.8-9.
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Table 2.8-9 Maximum Deflections

~ Load Case Direction Magnitude (in) Plate
A X
A Y .12 Sponsoun Bot.
A z
B X .12 Hull Side
B Y .15 Hull Bot.
B 2
C X
C Y .09 Rigid Element
C Z
2.8.5.6 Weld Analysis

Examine the stresses in the weld areas between the sponson
bottom and the hull side plate under load case A. Highly localized stresses
are expected at the end of the lateral stiffener.

LATERAL
STIFFENER

SPONSON
BOTTOM

AREA OF
CONCERN )




»\<
)

Cross Section of hull side to sponson bottom interface

I
.50
)

t— 1.25 —]
End view of lateral stiffener 5 5
o - _.H
183 182 353
— 181

382
334
84)§/ 349 335
<

Determine the forces and moments applied at grid points 183, 182, and 353.
This is done by using the grid point force balance and adding the forces and
moments taken by elements 84, 349, 334 and 335. The grid point identifiction
numbers and element identification numbers are those used in the NASTRAN
stress analysis, discussed above.




i F F, F, TN My Mo
Grid EID (1bs) (1bs) (1bs) (in-1bs) | {(in-1bs){ (in-1bs)
183 84 -450 -690 -220 0.3 640 -170
349 23700 | -13000 -820 11 | -313 -8050
Total 4150 | -13690 | -1040 11.3 327 8220
182 | 349 3000 | -3000 | -1200 -8.8 470 -6300
| 334 -81 -27 290 o | -500 -986
Totat 2919 | -3027 ~910 -8.8 230 7286
353 334 21050 | -2060 | -1500 0 704 ~2980
335 23300 | -13150 | -3850 0 |-1063 -8540
| Total 4350 | 15190 | -5350 0 |-359  |-1182
L. i i R
2.83 3.00 5,17
P-ﬂ———~l~+<lr l-+-lr— ﬂn-+
Grid Points 382 183 182 353 181
z 2320 -29.34  -26.33  -23.33  -16.0
Lz’.sb l 3.00 i 3.00 ! 7.33»!
Grid 183
= -4150
o Y
F, = ~13690 ;
.50
.. ) Y )
F, = -1040 3 k////,
M, = 0
W o= 0 ~— 1.25 —= Weld Length = 2.66 in.
y
M. = -8220 —\—ﬁh_"“\\,hx\J
rd
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fs = TOAIE To50T TZeET - 1280 P
Due to F
z Fz
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rid 182
= 2919 lbs Mx-x
= ~3027 1b M
7 1bs ey
= -910 1bs Mz-z
1w = 3.00

Grid 182 is longer than grid

_ R
e

= -8.8 in-1bs
= -30 in-1bs
= -7286 in-1bs

183 and loads are less

Grid 353
F = -4350 1bs My =0
Fy = 15190 1bs My-y = 0
FZ = 5350 lbs Mz-z = -11820 in-1bs
Due to Fx
-4350
= TR (E0V(5. 7Y ¢ 1190 psi
Due to F
Y
T’ZIllflggT’TE—"TT 4156 psi
p
Due to Fz
f, = 3350 = 1475 psi
Due to Mz-z
2
.
= 2L LTS 454 pei

[ =0.707 (.5) (2.454) = .514

f = Mc _ 11820 x .375

b~ T
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Combining stresses

Combining stresses

Fei2y V<§9)2 v (0 f)?

. 8623 \/&252_3_)2 + (1190 + 4156 + 1475)2

= 12380 psi

M.S. = -1

= 1.67

Sobab.7 Recummendatiens
1. Use lateral stiffener on top of sponson bottom plate at
wheei station #£1.
% 2.5" x .758" TK Channel Section
2. Lse laterzl stivfener on top of sponson bottom plate at
wheel stations #2, 3, 4 & 5.
4" x 1.25" TK Doubler Plate
3. The lecal stresses in the welds attaching the sponson bottom
to the huli sid: have been anatyzed to detormine tne local weld stress levels.
The .rajysic =hows an adequ.ve margin of safety. A pl~te connecting the end
of the Tawral stiffener <o v = hull side is optional.
4. Nu additional «~tructure to supgort the HPS unit mounting
flan2 is required. The resul*s of load case B show a margin of safety of
0.4, Tnerefore, a reduction in huvil side thickness is not recommended.

2.d.7 Anaiysis o¥ Ramp Hinges
This analysis was performed to eramine the strength of the hinge
pin supporting the rear ramp anu <iso of the welds "ing the lower portion

of “he hing2 to the rear ckid plate of the hull. This meunting structure is
t1iustrated e Crawing No. 60011-40233, "Ramp Instal’ation".
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2.8.7.1 Loading Conditions
The l1cad placed on the hinges was the weight of the rear ramp
(481 1bs.) muitiplied by the vertical g lcad factor (22), which was determined
from the shock factors diagram presented in 3Section 2.8.5 of this report. The
resultant load is 10,582 1bs., uniformly distributed Taterally acraoss the ramp.
2.8.7.2 Analysis Method
2.8.7.2.1 Resultant Reaction Loads
The problem was treated as if the ramp were a beam, simply
supported in three places. This configuration is statically indeterminant.
To solve the problem, the force method was utilized. This method involves the
following steps:
1. Remove one of the redundant reaction equations.
2. Determine the resulting deflection at the point of removal.
3. Replace the reaction force and remove the distributed load.
4. Determine the new resulting deflection at the original point
of load removel.
5. Equate the two defiections found and scive for the reaction
force. This is possiblie as the total deflection at the
support point equals O,
6. Solve statically for the remaining reactioi: forces.
2.8.7.2.2 Stress Analysis
Stress analyses of the nhinge pin and of the welds joining the
hinge to the rear skid plate were performed with standard shear stress, normal
stress, and bending stress equations. In both cases, the load applied was the
maximum r  tion load determined by the method described in Section 2.8.7.2.1,
above.
The hinge pin is in double shear. It was analyzed by determin-
ing the shear stress produced in it and the margin of safety for this load.
Stresses in the welds in tke plane of the rear skid plate were
found from the normal and shear force components and bending moment produced
in <his plane by the application of the dusrward vertical load at the pin to
hinge contact point. The principal stresses producad in the welds were then
determined, as were the ,:zuiting margins of safety for these stresses.
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2.8.7.3 Results
) 2.8.7.3.1 Resultant Reaction Loads

Analysis of the rear ramp hinge reaction forces produced the
following results:

Load on center hinge = 6613.75 1bs.

Load on end hinges = 1984.12 1bs.

The center hinge load was used for the stress analysis.
2.8.7.3.2 Stress Analysis

The stress analysis showed that the hinge pin and hinge wells
easily survived the applied load. Table 2.8-10 presents the resulting margins
of safety.

Table 2.8-10. Results of Ramp Hinge Stress Amalysis

Area Analyzed M.S M.S.

‘Normal Shear
Hinge pin 13.55 12.34
Welds joining hinge -- 3.08

to rear skid plate
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2.8.8 Analysis of Lifting Eye Mooring Bitts

Four lifting eye/mooring bitts are mounted to the top surface of
the ATR. This analysis was performed to dctermine if the mounting bol.s and
the surrounding hull structure to which the eyes are bolted are structurally
adequate to carry the loads incurred during transport and hoisting of the ATR.
2.8.8.1 Analysis Method

The 'nalysis was performed in accordance with MIL-STD-209E.
Standard shear, normal, and bending stress equations were utilized. For those
Toad cases where a normal force component was applied to a flat huli plate,
the formula used to approximate the resulting stress was:

BP
f - e
b T2
where, f,, = the resulting bending stress
B = a constant whose value depends on the dimensions of the

area to which the load is applied and to the overall
dimensions of the stressed plate

P = the applied load

the thickness of the stressed plate

This formula is actually intended for the determination of the stresses result-

ing in a large rectangular plate upon application of a uniform load to a small
central area of the plate. For the configurations analyzed, the formula
provided a reasonabie approximation of the magnitude of the resulting stress.
2.8.8.1.1 Applied Loads
Four load conditions were applied to both a forward and a rear
eye, as detailed below:
I Lifting load
A. 2.3 times the portion of the vehicle weight supported by
the eye, applied in the direction of a pick-up point
above the c.g. of the vehicle. A detailed explararion
of the determination of the pick-up point is provided in
MIL-STD-209E. The vehicle weight was assumed 2o be
28,417 pounds, as per the report R-60011-00004D. For
the tie down loads, it was assumed that one fourth of
the total weight was applied at each eye. ¥Yor the
lifting load, the actual portion of the total weight
supported by each eye was determined.
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IT Tie Down Loads
A, 4.0 times the portion of the vehicle weight supported by
the eye, applied longitudinally.
B, 2.0 times the portion of the vehicle weight supported by
the eye, applied vertically.
C. 1.5 times the portion of the vehicle weight supported by
the aye, applied 1ateraily.
2.8.8,1,2 Design Criteria
The design criteria used, for each component analyzed, was that
the ultimate allowable stress of a component be greater than or equal to 1.5
times the working stress applied to that component.
2.3.5,1.3 Areas Analyzed
As stated previously, both the securing bolts and the weldment
areas to which the eyes are bolted were analyzed. For bending stressed
induced in a hull plate by forces appiied perpendicular to that plate, an
effective area over which the stress could act was assumed. In cases where a
hull plate faiied under one of the design loads, the necessary plate thickness
for support of the load was determined.
2.8.8.2 Results
The results of this analysis are presented in Table 2,3-i1. In
all cases, the securing bolts are of adeguate strength to support the applied
Toads. The hull weldment plates, however, failed under application of several
of the loads, indicating that ar increase in plate thickness is required.
This was provided by tne addition of reinforcement plates, internal ta the
null, in the areas of the eyes. The nccessary reinforcement plate thicknesses
are 0.28 inches for the rear lugs and 0.24 inches for the forward ‘ugs, as
indicated in Table 2.8-11.
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2.8.9 Analysis of Towing Lugs

Two towing Tugs are located at each end of the ATR in order to
provide attachment points for recovery equipment, should the ATR require
towing. The forward of towing lugs are bolted to the Tower part of the lower
front glacis and the rear lugs are bglted ot the rear skid plate. The purpose
of this analysis was to determine if the bolts anchoring the tow Jugs and the
hull plates to which the lugs are bolted will withstand the 7loads induced
during towing of the ATR.
2.8.9.1 Analysis Method

The method of analysis used in e..amining the towing lugs was
similar to that used in examining the lifting eye mooring bits, as discussed
in Section 2.8.8. Standard shear, normal and bending stress equations were
used. Also used was the equation for approximating the bending stress induced
in a flat plate by a concentrated normal load, as presented in Section 2.8.8.1.
2.8.9.1.1 Applied Loads

The design load for towing lugs, as stated in the "ATR Design
Criteria“, R-60011-00002, is “a static equivalent ultimate load, equal to the
gross vehicle weight..., applied at any position within a 120° cone with the
horizontal axis, times a safety factor of five." Since two lugs are normally
employed during towing operations, the load was proportioned equally between
them. Figure 2.8-14 depicts the assumed Toad application geometry used for
this analysis.

The following four load cases were examined:

1) P applied along X axis, 8 = 0°, ¢ = 0°
2) P applied in X-Z plane, & = 60°, @ = 0°
3) P applied in X-Z plane, 8 = -60°, @ = 0°

4) P applied in X-Y plane, 8 = 0°, @& - 60°

It was assumed that the vehicle weight, P, equaled 28,417
pounds, as per the report R-60011-00004D. Rather than applying a lcad equal
to five times P to the lugs, the actual value of P was applied and the result-
ing stresses were determined. Then, the factors of safety for the stressed
components, based on the ultimate strength of the component being analyzed,
were determined, with the desirea result being a safety factor in excess of

5.0.
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2.8.9.1.2 Areas Analyzed

As with the 1ifting eye mooring bitt, both the anchoring balts
and the hull plates to which the lugs are bolted were analyzed. An effective
area of stress was assumed for bending stresses caused by forces acting
perpendicular to the hull plates. If a weldment plate was found to fail under
a given load, the plate thickness was increased until structural integrity was
achieved.
2.8.9.2 Results

The results of this analysis are presented in Table 2.8-12. In
three cases, the anchoring bolts did not have the desired safety factor of
5.0, The minimum value was 4.64, which was deemed to be sufficiently close to
5.0 to he acceptanble.

The hull plates, however, were not sufficient to support the
applied locads in most of the cases examined. In addition, it became evident
early in the analysis that very thick doubler plates would be required to
allow the hull plates to withstand the applied loads and maintain a safety
factar of 5.0. This fact, coupled with past experience in mounting towing
lugs,; indicate that the criteria of a safety factor of 5.0 i3 unduely
conservative. As a result, the plate thickness required to maintain a safety
factor of 2.0 while supporting the design lonads was also determined.

It was found that a 0.79 inch thick reinforcement plate would bhe
required behind the forward lugs in order to attain a safety factor of 2.0,
while the rear Tugs do not require any reinforcement. To achieve a safety
factor of 5.0, reinforcement plate thicknesses of 1.3% inches and 0.83 inches
would be required bchind the forward and rear lugs, respectively.

2.63
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2.8.10 Analysis of Vehicle Rear

This analysis was performed as a result of the large cutout made
in the hull rear plate to accommodate the rear ramp of the ATR. The rear area
of the hull is subjected to severe suspension system and final drive loads.
It was thought th.: the large area removed for the ramp might render the hull
rear structurally unstable upon application of these loads.
2.8.10,1 Apnlied Loads

The design loads were taken from the "ATR Design Criteria”
Report {R-60011-00002). TYhese loading conditions are described below:

1) A 71,000 pound radial load applied at the centerline of the
sprocket hub of the final drive. For this analysis, this
load was applied in the longitudinal direction, toward the
vehicle rear.

2) An 8,400 pound radial load applied at the centerline of the
sprocket hub of the final drive and a 4,200 pnund load
applied laterlly at the 0.D. of the sprocket tooth, in
either direction. Again, the radial load was directed
longitudinally rearward. Individual 1Toad cases were
perfo. ted with the 4,200 pound load oriented in each lateral
direction and applied at the bottom of the final drive
sprocket ring.

2.8,10.2 Design Criteria

The maximum stresses resulting from the application of the
design loads were compared to the yield strength of t..e hull plate in which
they occurred in order to determine a margin of safety for the plate. Since
the applied loads included a safety factor, any resuiting positive margin of
safety was deemed acceptable.
2.8.10.3 Analysis Method

This analysis was performed using an NASTRAN finite =lement
computer stress analysis. It was assumed that the rear ramp provided no
structural support to the hull rear plate. Figure 2.8-15 presents the finite
alement model utilized in the analysis. The model encompasses the entire rear
portion of the ATR hull structure, forward to road wheel station #5.
2.8.10.4 Results

Review of the computer analysis results indicates that applica-

tion of the 71,000 pound radial load resulted in the highest levels of stress.

2.65
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Table 2.8-13 provides a 1list of the hull weldment plates affected by this
load, the stress generated in the plates by application of the load, and the
margins of safety obtained. The margins of safety are based on the yield
strength of the component, following welding.

Table 2.8-13 Results of Analysis of Hull Rear Subjected
to 71,000 Pound Radial Load

Component Description Stress Type Stress (Ksi) Margin of Safety
Rear Plate Bending 11.61 1.84

Rear Plate Shear 6.67 1.97
Bottom Plate Bending 18.91 .75

Rear Skid Plate Bending 11.04 1.99
Sponson Side Plate Bending 1.12 28

Hull Side Plate Bending 24.94 0,32

Final Drive Mounting Ring Bending 32.39 0,02
Waterjet Outlet Mounting Bending 9.05 2.65

PMate

Note that the final drive mounting ring maintains a margin of
safety of only 0.02 in bending. This indicates that, while the ring itself is
adequately strong to withstand the applied load, the weld joining the ring to
the hull side must be of equal strength., The weld joining these components
consists of two bevel welds and a fillet weld, as shown on Drawing #6C011-
40201. This weld configuration provides the strength r¢ uired.

The maximum deflections occurring in the hull structure, as a
result of the 71,000 pound radial load, also occur in the region of the final
drive mounting ring. Figure 2.8-16 illustrates the computer finite element
model of the hull area including the final drive mounting ring. The points of
highest deflection are also indicated. It should be noted that the highest
deflection is only 0.154 inches, which is well within an acceptable level,

2.67
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2.8.11 Analysis of Commander's/Driver's Seats

The commander's and driver's seats are Tocated in the forward
sponson areas. 1hese seats are of a new design, which in¢lude several
channels and rollers to facilitate seat adjustment. With the exception of the
Grade 8 steel bolts, used in the seat assemblies, the entire seat frame is
constructed of aluminum. A stress analysis was conducted for several areas of
the seat, in order to determine their adequacy during road shock loads and the
loads imposed during seat adjustment.
2.8.11.1 Analysis Method
2.8.11.1.1 Areas Analyzed

Ten individual areas of the seat frame were examined, as
describad in Table 2.8-14, Figure 2.8-17 identifies the location of the areas
analyzed on the seat frame. The identifying numbers in the figure, correspond
to those o/ the numbers Jisted in the table.

Table 2.8-14 Stress Analyzed Areas of Commander's/Driver's Seats

Identifying Type of Stress

Number Analyzed Load Applied Description of Area

1 Shear Vertical Road Shock  Bolts joining lower roller
channel to Tower frame

2 Tension Vertical Road Shock  Bolts anchoring seat to
sponson bottom

3 Bending Vertical Road Shock  Sponson bottom

4 Bending Lateral Road Shock Lower frame

5 Shear Vertical Road Shock Bolts joining upper roller

channel to central frame

6 Shear Vertical Road Shock Weld joining the central
frame side to the central
frame bottom

7 Bending Longitudinal Adjust- Upper frame
ment
8 Shear and Vertical Road Shock Roller Axles
Bending
9 Shear and Longitudinal Adjust- Teeth on poasition locking
Bending ment plates
10 Shear Assumed Max. Shear Upper seat Tocking pin
Load
2.69
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2.8.11.1.2 Applied Loads
The following four design loads were utilized in the analyses of
the areas previously discussed:
1) Vertical Road Shock Load = weight of man, gear, and seat x g
Toad
= 237 1bs x 5 = 1,185 lbs
2) Lateral Road Shock Load = weight of man, gear, and seat x g
Toad
= 237 1bs x 5 = 1,185 1bs
3) Longitudinal Seat Adjustment Load = 250 1bs
4) Maximum Shear Load on Upper Seat Lock Pin = 250 1bs (assumed)
2.8.11.2 Results
Tahle 2.8-15 details the resulting margins of safety for each
analyzed. The identifying numbers correspond to those in Table 2.8-14 and
Figure 2.8-17. A1l margins of safety were determined based upon the yield
strength of the material of the component being analyzed. An exception to
this was area 8. In area 8, the ultimate strength of the roller axle shaft
was used as the yield strength. Since the yieid strength could not be
determined from the data supplied by the manufacturer of the part.

Table 2.8-15. Results of Analysis of Commander'‘s/Driver's Seats

Identifying Number Margin of Safety
1 3.36
2 7.50
3 8.76
4 2.58
5 0.74
6 9.15
7 5.21
8 0.81 (Bending)

3.01 (Shear)

9 6.73 (Bending)
5.35 (Shear)
16 9.88

2.71
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It should be noted that this type of roller is commonly used to
support loads of magnitudes equal to those applied in this analysis.

A1l areas analyzed were found to be structurally adequate. The
most critical area analyzed is area 5. A high shear stress level occurs in
the bolts connecting the upper roller ckannel to the seat side frame upon
application of a vertical road shock lcad. The load, in this case, is
transmitted to the upper roller channel via a single roller, which may be
located at any position along the channel, including a position forward of the
first mounting bolt. In this forward position, the majority of the load is
transmitted to the first bolt. The analysis was conducted assuming the entire
shear load was applied to one bolt. Even under this severe load the bolt has
a 0.74 wargin of safety. This indicates that the five bolts that are used to
attach the channel are more than adequate.

2.72
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2.8.12 Analysis of Engine Mounting Structure

This analysis was performed to determine if the engine mounting
structure which supports the ATR engine, transfer gear box, and hydrostatic
and auxiliary pumps is sufficiencly strong. Engine support is provided by
three hard mounts, one located at the forward end of the engine and the other
two at the rear of the engine where the transfer gear box is attached.
2.8.12.1 Analysis Method and Applied Loads

A hand stress analysis of the engine mounting structure was
performed. The load applied at each mount was equal to the portion of the
engine weight supported by that mount, multiplied by a g factor of 4.5. This
load was applied independently in the vertical, Tlateral, and longitudinal
directions and the resulting stresses were determined 1in suspect areas for
each of the loading conditions.
2.8,12.2 Results

The results of the analysis indicate that the engine mounting
structure is sufficiently strong to support each of the desiyn loads. 1In no
case examined was the stress produced in a component of the structure near the
yield strength of that component.

L




3.0 SUSPENSION
3.1 General Arrangement

The overall configuration and arrangement of the Automotiva Test
Rig (ATR) suspension system is shown in Figure 3.1-1. The suspension systenm
consists of five dual roadwheel stations per side with springing and damping
provided at each station by & Bird-Johnson Co. vrotary hydropneumatic
suspension unit. The AAI Corporation lightweight wire link track is employed
along with two double support roller assembiies and a rear drive sprocket. A
front compensating idler assembly is provided for track take-up during road-
wheel travel. The compensating 1ink connects the roadarm of number one road-
wheel station and the front idler mount arm. Contained within the compensting
link is a screw jack mechanism for adjusting track tension. The compensating
link is equipped with a fusible 1ink, shear pin, tc prevent overloading of the
number one station hydropneumatic unit output shaft and the track during
compensation.

The front idler mount is a modified M113A2 type with a 17 1/4
inch diameter idler wheel. Roadwheel mounting spindies and hub assemblies are
M113A2 type. The roadarms are 14 1/2 inches in length and have a 5.19 inch
offset. They are fabricated of 4140 alloy steel martempered to obtain a
tensile strength between 130 KSI and 150 KSI, Roadarm attachment to the
hydropneumatic suspension unit output shaft is accomplished by a spline. The
hydrcpneumatic suspension units are mounted to the ATR hull structure using
bolts that engage structural inserts in the hull mounting flange. Sealing of
the mounting surface is accomplished by a gasket installed between the hydro-
pneumatic suspension unit mounting flange and the hull mounting flange.

Hydraulic supply and return 1lines to each hydropneumatic
suspension unit are contained within the ATR hull.

As shown in Figure 3.1~1 the ATR suspension system is capable of
being retracted such that the bottom surface of the track is approximately
flush with the ATR hull bottom. Full retraction is accomplished for water
operations to reduce vehicle water drag, and requires the front idler wheel to
move forward approximately 5 inches. Idler forward movement is accomplished
by movement of the compensating link due to rotation of the number one hydro-
pneumatic suspension unit's output shaft,

3.1
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Figure 3,1-1 Automotive Test Rig
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3.2
I

(4

i 15 the restriciton on the Title page ¢t this Proposal.




\

—— @I —

Dual roadwheels of 22 inch diameter and 3 1/2 inch nominal widtn
are employed at each roadwheel station. Each roadwheel is filled, within the
disc and flange elements, with a foam material to provide buoyancy and reduce
water drag.

Each roadwheel station provides for a jounce travel of 16.5
“inches and a rebound travel of 4 inches. Jounce travel for stations #1, #2,
#3, and #5 is Yimited by roadwhecl/track contact with the hull sponson bottom
plate, Station #4 is provided with a hull mounted bump stop that engages the
roadwheel spindle extension at full jounce.

Retractinn and extension of the ATR suspension system is
accomplished by the operation of a switch located at the driver's station.
Hydraulic fluid is supplied to the hydropneumatic suspensinn units from the
ATR's auxiliary hydraulic system. Hydraulic fluid is supplied to each HPS
unit hy operaticn of a three position electrically controlled solenoid valve.

The time estimated for full retraction or extension of the ATR
suspension system is 30 seconds. The total weight of the ATR suspension
system, Group No. 3 of the ATR detailed weight breakdown provided in Appendix
A of this report, is 6447.2 pounds. This is 22,7 percent of the ATR gross
weight.

Engineering drawings of the various components of the ATR
suspension system are provided in Volume III of this report.

Table 3.1-1 provides a listing of the M113A1/A2 suspension
components and the uwovernment furnished components used in the ATR suspension

system.
3.2 Suspansion/Mobility Analysis
3.2.1 Suspension Analysis

Based on discussions held with DTNSRDC personnel at the Auto-
notive Test Rig Program kickoff meating, held on 25 January 1984, it was
agreed that suspension station configuration planned for the ATR in the
proposal phase would be reconfigyured to provide a ATR ground clearance of 16
inches. As shown in Figure 3.2.1-1 the originally proposed configuration used
M113A1 type roadarms to reduce ATR development costs and provided a ATR ground
clearance of 15 inches. MWith the hydropneumatic suspension unit rotational
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limit of a total of 100 degrees this configuration provided a total jounce
travel of 14,76 inches. With this jounce travel full suspension retraction
would result in a 15.00-14.76 = .24 inch track protrusion below the hull
bottom, neglecting track sag and buoyancy effects in the water.

It was also agreed at the kick-off meeting that it would be
desirable to move the suspension center of force more forward of the sprung
mass center of gravity to provide better sucpensisn perforimance in the vehicle
pitch mode.

Detail analysis and investigations resulted in the final ATR
suspension station configuration shown in Figure 3.2.1-2, This confiquration
provides for a 16-inch ATR ground clearance and requires the development of a
new roadarm design. As shown, the configuration provides a total jcunce
travel (full retraction ) of 16.5 inches. This jounce travel was selected to
hopefu'ly overcome the track sag effect and thus provide at full retraction in
the water mode a track bottom surface that was flush with the ATR hull bottom.
The roadarm length selected, 14.5 inches, requires a total rotational travel,
full rebound to full jounce, of the hydropneumatic suspension unit of 94,35
degrees.

Design investigations conducted to evaluate the feasibility of
shifting the suspension system forward, for better pitch motion character-
istics, resulted in the revised roadwheel/idler/sprocket spacings shown in
Table 3.2.1-1. The final configuration reflects the space required for
packaging of the front idler compensating linkage and positioning of the
support roller assemblies for clearance at full roadwheel jounce.

For the original ATR configuration, the sprung mass center of
gravity Jocation was estimated to be 53 iaches aft of the first roadwheel.
Thus, with the original ATR suspension configuration and equal spring rates at
all stations, the suspension center of force is 55-53 = 2 inches aft of the
sprung mass center of gravity. For the final ATR configuration the sprung
weight characteristics are as follows.

ATR Sprung Weight = GVW - [1/2 roadarm weights + roadwheeal

weights + roadwheel hub weights + track segment on ground
weight]

3.8
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ATR sprung Weight = 28417 -[1/2 x 427.5 + 876.9 + 216,3 + 627.3]
= 28417 - 1934 = 26483 1bs

ATR Sprung Mass Center of Gravity Longitudinal Location

i

= (28417 x 167.9) - (1934 x 167.09)

sw 75483 - 85.82

= 167.96 - 85.82 = 82.14 inches forward of sprocket
centerline or

Xe,, = (165.66 - 82.14) - 26.16 = 57.36 inches aft of
roadwheel #1.

For the final ATR suspension system arrangement shown in Figure
3.2.1-3 and assuming equal spring rates at each roadwheel station the
resulting suspension center of force location is as follows.

K1 = KZ = K3 = K4 = Kg

Summation of moments about roadwheel #1.

- 2[28K + 57.4K + 85.4K + 114.8K]
sf = ZKFKFK FKFK]j
_ 285.6 _ .
= g = 57.12 inches aft of roadwheel #1

Therefore the resultant force 1location of the ATR suspension
system is 57.36 - 57.12 = .24 inches forward of the ATR sprung weight center
of gravity.

Providing greater spring rates at roadwheel stations #1 and #2

results in the fcllowing resuitant force location relative to the ATR sprung
weight center of gravity.

s.11
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Case I K K, = 1.1K (10% greater on stations 1 and 2)
K3 = K4 = Kg = K

. K(30.8 + 57.4 + 85.4 + 114.8)
(1.1 + 1.1 + 1.0 + 1.0 + 1.0)

st

_ 30.8 + 57.4 + 85,4 + 114.8
- 5.2

= __Egééi___ = 55.46 inches aft of roadwheel #1 or 57.36

- 55.45 = 1.9 inches forward of sprung weight center of gravity.

Case I1
Kl = K2 = I-ZK

H]
-~

K3 = Kq = Xg

K(33.6 + 57,4 + 85.4 + 114.8)
K(1.2 + 1.2+ 1.0+ 1.0 + 1.0)

xsf

_ 291.2 .
= g = 53.9 inches aft of rcadwheel #1 or 57.36 -

53.9 = 3.46 inches forward of the sprung weight center of gravity.

Therefore, to provide an ATR suspension system with a resultant
force location several inches forward of the sprung weight center of gravity
location the Tirst and second hydropneumatic suspension units must be adjusted
to proviae between 10 and 20 percent greater spring rates than the remaining
units.

Bounce motion of the ATR can be predicted on a simplified basis,
neglecting damping and assuming iinear spring rates for the hydropreundtic
suspension units, using the following equation.

3.13
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1 KT
foozom Voo cPS
b ™72 Sprung mass °®

where:

bounce natural frequency, cycles per second
Ky = suspension spring rate, 1bs/inch

= 2[Ky + Ky + Ky + Ky + K] for five cuspension stations per
side
= 10K for equal spring rates at all stations

Sprung Mass = §§£1%§%_12§5

26483
T 386

68.61 1b-sec?/inch

Therefore for equal spring rates f, equals the following:

fy = 7w \/ —sBBT * °PS

fyy = .0608 \/ X . CPS

Solving for wvarious spring rates yields the results shown in Table 3.2.1-2.
Jounce capacity is based on an average station static load of 28417/10 = 2842
1bs and 16.  inches of jounce travel.

K x 16.5 .

Jounce Capacity = —grr— ° gs

From a tracked vehicle suspension performance standpoint a bounce frequency in
the range of 1.0 to 1.5 cps and a jounce capacity between 2.5 and 3.5 g's is

e e ——n < oetinn P
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generally desirable. Considering now higher (+20%) spring rates on stations
#1 and #2 results in the following bounce Trequency equation.

2[1.2K + 1.2K + K + K + K]

—
L]

10.8K

_ 1 / 10.8K
fb = __2_._7r BT ° cps
.063{b K , ¢ps

Solving for various spring rates yields the bounce ratural
frequency values shown in Table 3.2.1-3,

The Bird-Johnson Company hydropneumatic suspension units provide
nonlinear spring rates. Based on spring rate data available on 10 February
1984 for possible LVTPX12 application, the following approximate linear spring
rates were estimated.

Basis: LVTPX12 GVW = 43,000 1bs
Roadarm length = 13 inches
Travel: jounce = 12 inches
rabound = 4 inches
8958 1bs
+ 4" (jounce)
Static position (2471 1bs) (2842 1bs AV. ATR static load)
-4" (Rebound)
460 1bs

-
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Approximate spring rate over 8 inches of travel

2471 - 460 .
Krebound = T = 503 1bs/inch

K _ 8958 -~ 2471
jounce ~ g

= 1622 1bs/inch
Average K value over 8 inches of travel = 1063 1bs/inch
If no adjustments of the original hydropneumatic suspension unit

operating pressures were made, the following approximate bounce frequency is
estimated for the ATR with equal linear spring rates at all stations.

] =1_~‘\/ 10 x 1063
b= 2w 68.61

= 1,98 cps
Jounce Capacity = 16.38221063
= 6.17 g's

Based on these approximate results, the original adjustments of
the hydropneumatic suspension units provided spring rates that were toon high
for the ATR application.

Pitch motion of the ATR can be approximated, again assuming
linear spring rates, by the following equation:

‘IJ\R—V V4
a L-'\i

LL“
f =
p 2 T

, CPS
pitch of sprung mass




where:

_7<
n

- gpring rate of each station, i =1 to 5

i Tongitudinal distance of station relative to sprung
weight center of gravity, inches

Ipitch of sprung mass = mass moment of inertia of ATR

sprung weight, 1b-sec2—1nch, about its center

gravity.

—
L]

For the ATR configuration suspension unit distances are
as follows: (see Figure 3.2,1-3)

Ly = 57.36 inches (fwd)

L, = 57,36 - 28.00 = 29.36 inches (fwd)

—
fi

3 = 57.36 -[28.00 + 29.38] = .20 inches {aft)

L, = 57.36 -[28.00 + 29.38 + 28.00] = 28.02 inches (aft)
Ly = 114,75 - 57.36 = 57.39 inches (aft)

Lyjecn OF SPrung mass = 202,166 1b-secZ-inch.

Solving yields the following equation for the ATR pitch
natural frequency with equal spring rates at all stations.

! 2k[3290 + 862 + .4 + 785 + 3294]
f ﬁ

p 202,166

_ 1 '\ 16462K
TN 707,156

= ,0454 \/ K . CPS

Solving for various spring rates yields the pitch natural
frequency values shown in Table 3.2.1-4.

Considering again higher spring rates on stations #1 and #2
(+20%) results in the following pitch frequency equaticn.

£ = 1 2K[1.2 x 3290 + 1,2 x 862 + .4 + 785 + 3294]
p 2 202 166

3.19
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! 18122K
L 202 166

L0477 \/ K . cps

Resulting pitch frequencies are shown in Table 3.2.1-5.

For the linear spring rate estimated for the Bird-Johnson Co.
hydropneumatic suspension units, the following approximate pitch frequency is
predicted for the ATR with equal spring rates at all stations.

)
)

_ 1 '\// 16462 X1063
p -2 202,166

[}

1.48 cps

For the ATR configured with higher spring rates on suspension
stations #1 and #2 to achieve a bounce frequency between 1,0 and 1.5 ¢ps the
spring rates shown in Table 3.2.1-6 are required. These spring rates result
in the pitch frequencies and suspension jounce capacities also shown in Table
3.2.1-6. The comparison data indicates that as originally configured, for the

LVTPX12 installation, the units will provide undesirable suspersion charactar-
istics for ATR application.

were adjusted to suit the ATR,
3.2.2 Mobility Analysis

Therefore, the hydropneumatic systam pressures

As shown in Figure 3.2.1-3 the ATR suspension arrangement
provides a track ground contact length of 114,75 inches. With the 17 inch
width wire link track, the following nominal ground pressures result.

Ground Pressure = ?~7—$%¥“ﬁﬂﬁT"
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7.28 psi. with troop payload

7.65 psi. with troop payload and 5% weight
growth

The resulting fine grain soil strergth in terms of cone index,
VCIqs required for one straight line pass is the following:

. 28417 _
Contact Pressure Factor = X 17 X TIETS - 7.28

Weight Factor = 1.0

Track Factor = —T%%—— = ,17

Grouser Factor = 1.0

Bogie Factor =‘TU_§§%;Z§lg"8T— = 2.88

Clearance Factor = lg— = 1,6

Engine Factor 1.0

Transmission Factor = 1.0

o 7. % 1, .
Mobility Index (MI)= ["."l‘zfgi‘r.‘lf' +2.88 - 1.6] x 1.0 x 1.0

= 44,10

b thie ves o i o the Tegho psoe o Vo Vel




) 39.2 4
vc[1 = 7.0 + .20 MI - M+ 5%
=7.0+ 8.8 -.79
= 15
The ATR hull and suspension geometry provides the following L/7 1?
ratio.

L 114.75

T = —pgm - ¥

The hull and suspension arrangement provides the following approach and
departure angles neglecting local protrusions.

67°
36° (

Angle of Approach

Angle of Departure

With the front idler height of 27.42 inches, see Figure 3.2.1-3,
and its approach angle of 67° degrees the estimated forward vertical wall
capability of the ATR is 27 inches. Rear direction vertical wall climbing is
estimated to be approximately 18 inches.

e e —

For bridging the following ATR capacity is estimated.
Ditch Length = 4/9 [165.66 + .7 (11 + 11}3
= 81 inches

Table 3.2.2-1 summarizes the estimated ATR mobility character-
istics and provides comparison data for the LVTP7A1 and M113Al vehicles.

The longitudinal slope stability of the ATR is demonstrated by
the following analysis. As shown in Figure 3.2.2-1 for tipping on a 60% slope
the moments about point A, the centerline of the rear roadwheel ara the '

following:

— e  — e~

Moments about point@t'= (43.89 x 14536) - (57.35 x 24358) + |
RF, x d = 0 i
Since RFy = 24358 1bs solving for d yields the following result:

3.25
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1396931 - 542374

d =

24358
_ 754557 .
d = —4358—— ° 30.98 inches
Since this distance is within the track ground contact length

the ATR will not tip over.
For sliding a rubber track pad sliding coefficient of friction,
A SYiding ~ .75, is assumed. For sliding down & slope,the RF, that can be
developed at the track/ground interface equals
RFy x .75 = 24,358 x ,7% = 18269 1bs
For no sliding on a 60 percent slope
RFx developed > RFx required = sin 31° x 28417

Since 18,269 1bs is greater than 14,636 lbs, the ATR will not "
slide down a 60 percent slope.
The margin of safety for sliding is:

18,269

MS = BN S 1 = +.25 (60% slape)

For stability on a 40 percent (21.8°) side slope the following
anlaysis demonstrates the ATR stability. Solving the equilibrium eguations
shown in Figure 3.2.2-2 yields the Following results:

RLH(SN) + Rpi(sW) = cos 21.8° x 26,483 or

RLH(SN) = 24,589 - RRH(Sw) ¢« 2 e s & » e s s & e @ (2A)
~(43.89 x sin 21.8° x 26,483) + (52.75 x cos 21.8° x 26,483)
Qg9 =

~-431655 + 1247075

3.28
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8«5RLH(SN) + 97 RRH(SW) = 763401 e s e 8 8 6 2 s & e (3A)

Substituting equation 2A into 3A yields

8.5[24589 - RRH(SN)] + 97 RRH(SN) = 763,401

88.5 RRH(SW) = 763,401 - 279,007
RRH(SN) = 6,264 1bs

Therefore

RLH(SH) = 24,589 - 6264 = 18,325 1bs

The suspension deflection resuiting from these sprung weight

distributions can be calculated on a simplifed linear basis as folilows:

DFiiswy © —-7-2648%- - 24589 = +11348 1bs

DFruisn) 25783 6264 = -6978 1bs

Assuming a suspension vertical spring rate of 5 x 550 1bs/inch = 2750 1bs/inch

per side yields the following deflections.

Ly = —léz,ggg = 4.13 inches

Ly = »-g%g— = 2.54 inches

P




f’l‘\
nr —— l
This resuits in an ATR roll angle of

-1 4,13 + 2,54
T88.50

i

ATR Rol1l Angle = tan

4,31°

u

This small roll angle will increase the effective side slope angle to 26.1
degrees. This 1increased slope will not significantly alter the ATR Toad
distribution. Since RRH(SN) remains o positive quantity, a positive moment
exists to prevent the ATR from tipping over on the 40 percent side slope.

For sliding down the slope, the force RFx that can be developed
equals the following:

RFx (developed) ="is1iding [RLH + RRH]

.75 [18325 + 6264 + 1934]

19892 1bs

For no sliding Rg, (developed) > RFx (required)
Fx (required) = sin 21.8° x 28417
= 10,553 1bs
Since 19,892 1bs is greater than 10,553 1bs, the ATR will not slide down the
40 percent side slope.

19892
MS = ~gss7 - 1 = +.88 (40% slope)
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3.3 Hydroprieumatic Suspansion Units

The ATR employs hydropneumatic suspension units rather than the
more commonly used torsion bars. Hydropneumatic suspension units offer the
performance bencfits of nonlinear spring rates and variable damping over their
wheel travel range. They also provide the capability for vehicle height
reduction or, in the case of the ATR, retraction of the suspension system for
reduced drag during amphibious operation. The HPS units have been specified
as Government Furnished Equipment (GFE) and are depicted in Figure 3.3-1.
These units are currently being developed for the Marine Corps Programs Office
at DTNSRDC by the Bird Johnson Company of Walepole, Massachusetts. Bird
Johnsor: has designed, built, and tested a similar type of suspension for the
US Army M9 armored tractor.

The Bird-Johnson hydropneumatic units have several unique
features. Each hydropneumatic unit contains a double vane rotary actuator. A
splined shaft is connected to the rotating member to which a roadarm can he
attached. 0il links the rctary actuator to a gas filled piston type accumu-
lator with several internal passage ways in the unit body. The passages
incorporate valving which controis dampening, leakage compensation, unit con-
figuration (port or starboard rotation), and overpressure relief. A1l valve
subassemblies can be replaced without major disassembly. The entire assembly
is bolted together to form a rugged and compact unit which can bhe boited
directly to the hull side plate.

The suspension unit. has the following specifications:

Actuator Displacement 23.3 cu, in./rad
Total Maximum Angular Travel 105 degrees
Operating Pressure 6500 psi max.

Accumulator Volume 46,8 cu in.

Unit Weight w/o Roadarm (Wet) 144 pounds

In order to properly position the r

arm an open spline space
has been provided an the output shaft of the HPS units. The angular travel
limitations of the missing spline space as the output shaft is rotated is

shown in Figure 3.3-2.




| 7 .62 W DIA THRU
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Figure 3.3-1 Bird-Johnson Hydropneumatic Unit
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The HPS units are capable of being mounted on either side of the
ATR, However, several modifications are required. The primary wmodification
is to switch two pair of configuration cartridge valves. Other modifications
include switching the inlet and outlet piping as well as providing the proper
roadarm with the correct missing space to align with the missing spline. The
hull machining and bolt pattern for mounting the HPS units is shown in Figure
3.3-3. For sealing purposes a 1/32" thick vellomoid gasket is required
between the mounting flange and the hulil.

3.4 Roadarms

The initially proposed ATR suspension system provided only 15
inches of ground c¢learance as opposed to the requested 16 inches. This was
done in order to utilize the existing 12,5 inch long M113A1 roadarms with only
minor modifications required to mount the arms to the HPS units. The reduced
ground clearance was nac2ssary due to the short rcoadarm combined with the 105
degree rotational travel limitation of the HPS units. The proposed suspension
wheel station roadarm geometry is shown in Figure 3.2,1-1,

At the kick-off meeting held at AAI on 25 January 1984, the
Marine Corps Programs Office requested that the 16 inch ground clearance be
retained. To comply with this request the M113Al roadarm was again evaluated
for possible use on the ATR. It was determined that a roadarm length of 12.5
inches wiil be inadequate and a longer arm would be required. Further
investigations were conducted to determine if another existing roadarm such as
the 13 inch LVTIP7 arm could be used. The evaluation indicated that a new
roadarm design is required because of length and offset requirements.

AAl has designed a 14,5 inch roadarm for the ATR, The resulting
suspension geometry is shown in Figure 3.2.1-2,

The roadarm design is shown in Figure 3.4-1. The 14.5 inch
roadarm has an ofiset of 5,19 inches. An MI13A1 spindle is installed in the
lower end to permit an MI113A2 roadwheel hub assembly to be mounted. On the
upper end of the rcadarm is a splined hole tco accept the HPS output shaft.
The Tocation of a missing spline for alignment with the output shaft missing
tooth is shown in Figure 3.4-1.

The ATR roadarm characteristics :re compared to the M113Al and
the LVTIP7 roadarms in the fcllowing table:
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Characteristics

Length, inches
Offset, inches
Weight
Material

Method of Fabrication

ATR
14.5

5.19

42.0

4140 Steel,
Rc = 28-32
Machined

Table 3.4-1 Roadarm Characteristics

M113

12.5
4.25
24.0

4140 Steel
Rc = 32-37
Forged

LVTP7

13

5.81
30.0
4140 Steel
Rc = 30-32
Forged

It can be seen that the weight of the ATR roadarm is quite high by comparison.
The roadarm weights could be reduced by providing a contoured shape such as

the forged awms.

Tais was not done in order to avoid high fabrication costs.
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Figure 3 4-1 ATR Roadarm Installation
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3.5 Roadwheels

The roadwheel design develnped for the Automotive Test Rig
centered on maximum use of existing roadwheel designs so tooling and fabrica-
tion costs would be acceptable. The roadwheel design selected for the ATR was
developed jointly by AAI and the Motor Wheei Corporation of Lansing, Michigan.
The design employs the existing M113A2 roadwheel mounting surface so that the
M113A2 roadwheel spindle and hub assemblies can be used.

As shown in Table 3.5-1 roadwheel designs currently employed on
tracked vehicles have a wide range of configurational loading characteristics.
Initially the M113A2 roadwheel, 24" diameter x 2 1/8" wide, was considered for
the ATR. ATR roadwheel loads are expected to be in the foliowing range.

Average load = ggé%;.= 1421 1bs

_ 29838 _ .
5T 1492 1bs (5% weight growth)

The maximum load is expected to be on the order of 25 percent greater than
average loads. Selection of this increase is based on maximum loads demon-
strated by the M113A1 and LVIPX12 vehicles, see Table 3.5-2, which have weight
distributions similar to that of the ATR. Therefore, the estimated ATR
maximum roadwheel loadings are as follows:

1421 x 1.25 = 1776 1bs

1492 x 1.25 = 1865 1bs (5% weight growth}
With these estimated ATR roadwheel loads, the M113Al1 roadwheel would have the
toading characteristics shown in Table 3.%-3. As shown, these loading
characteristics are significantly greater than the similar characteristics
associated with the current M113 vehicle family applications of this road-
wheel. In addition,the use of this 24 inch diameter roadwheel would require
an ATR hull sponson bottom height of the following.

3.39
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For 12 inches of jounce travel:

Sponson Height = 2(2.375) + 12 + 24 = 40,75 inches
For 14 inches of jounce travel:

Sponson height = 2(2.,375) + 14 to 24 = 42,75 inches
For 16 inches of jounce travel:

Sponson height = 2(2.375) + 16 + 24 = 44,75 inches

Basad on these loading characteristics and the suspension
packaging penalties associated with use of a 24 inch diameter roadwheel AAI
rejected the use of the M113Al roadwheel.

To comply with the desired ATR sponson height of 44 inches, as
shown in the DTNSRDC ATR concept, a roadwheel diameter of 22 inches was
selected. This results in a ATR hull sponson height of 43.25 inches with
jounce travel of 16.5 inches,

To provide realistic roadwheel 1loading characteristics and
reduce roadwheel rubber tire loadings 2 roadwheel nominal width oFf 3.5 inches
was selected.

ATR expected roadwheel loading characteristics are shown in
Table 3.5-4.

The ATR roadwheel amploys 2024 Aluminum Alloy and the mounting
arrangement used on the current M113A1 roadwheel.

Compared to the current minimum loading characteristics of the
M113A1 roadwheel the ATR roadwheel exhibits the following mergins of safety.

_ 551

MS 06— " 1 = 4,36 (average load)
Ms =221 1< 429 (a Toad +5% weight growth)
5 . verage loa weight grow
_ 654

MS T ~-1 = +.29 (maximum load)

_ 654

MS Tyy- - 1 = +.23 (maximum 10ad 45% weight growth)
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In addition to reducing the roadwheel rubber tire loading per
inch of width, the 3.5 inch width provides bettar load distribution into the
track roadwheel pad area and track center misguiding tendencies will be
reduced.

From & structural loading standpoint, the diameter of the ATR
roadwheel 1is 2 inches smaller than the M113Al roadwheel, thus the moments
imparted due to lateral loads are approximately 8 percent smaller. Tire width
is 1.6 times that of the M113A1l roadwheel.

The ATR roadwheel configuration is shown in Fiqure 3.5-1. It
consists of a formed 3/8 inch thick aluminum disc with a welded reinforcing
ring. A steel wear ring is attached with rivets to the inside surface of the
wheel assembly. The interior of the wheel assembly is filled with poly-
urethane foam, density 10 to 15 pounds/ft3, except in the area required for
mounting on the roadwheel hub assembly. The foam is covered with a skin .060
to .09G inch thick that resists fracturing when a 150 pound load is applied by
a 1 inch diameter spherical plunger. The foam installed in the ATR roadwheel
provides buoyancy and reduces the water drag of the wheels in the amphibious
operating mode. A detailed drawing of the ATR roadwheel assembiy is provided
in Volume III of this report.

The ATR roadwheel is fabricated of 2024-0 Temper ALCLAD Aluminum
Allcy. After forming and welding it was heat treated to Temper T42. Although
the welding of 2024 Aluminum Alloy is not generally recommended, the Motor
Wheel Corporation has successfully fabricated roadwheels hy this process for
botn the HSTV(L) and the DTNSRDC wire link track test bed. HSTV(L) roadwheels
operated for over 3000 miles during testing at Aberdeen Proving Ground and
Fort Knox without weldment problems. To insure the quality of the welding
associated with the ATR roadwheels the reinforcing ring welds on all cheels
were inspected using dye penetrant per MIL-1-6866. A welding sample was aliso
be provided to verify the weld quaiily and penetration.

Alternate aluminum alloys for the ATR roadwheels, with better
welding characteristics, were investigated. The alloys identified had
strength properties that would require increased material thickness and
significantly increase the roadwheel weight. The only alternate approach to
the fabrication of the ATR roadwheels was a design with a formed 1lip, tn
replace the welded reinforcing ring. This would require the development of
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additional tooling with its associated costs and schedule impacts. The rubber
tire vulcanized to the metal elements of the ATR roadwheel are per the
requirements of MIL-W-3100.

The weight of the ATR roadwheel is 42 pounds., Its applied
polyurethane foam will displace 25 pounds of seawater,
3.6 Support Rollers

As shown in Figure 3.2.1-3 the ATR suspension system employs two
dual support roller assemblies per side. Two support roller assemblies were %
selected to provide good alignment of the track return segment relative to the
ATR hull side plates, the front idler wheels and the rear drive sprocket
assembly. In the vertical direction they provide track support to minimize
track sag and constraint the track return segment from impacting the road-
wheels during jounce travel. Their vertical positioning also provides 1 3/4 t
inches of c¢learance batween the hull sponson bhottom plate for passage of
debris, The longitudinal spacings selected for the support roller assemblies
were based on providing the clearances required for full track retraction,
16.5 inches of jounce, in the amphibious mode of operation.

Figure 3.6-1 shows the overall configuration and internal :
details of the support roiler assembly. The support roller assembly is
mounted to the ATR hull side plate by bolts. Support of the rollers is
provided by a welded housing that contains bearings supporting a spindle. The
roller assembly is attached to the spindle. Twe rollers 8.5 inches in |
diameter by 3.4 inches in width are provided. Their mounting provides a slot ,
for constraint of the center guide of the wire Tink track. Sides of the slot
are provided with a replaceable steel wear ring.

The roliers are provided with urethane tires that are molded to
the roller wheels. Lubrication of the roiler assembly spindle shaft bearings
is accomplished by SAE 30 weight o0il1 that is contained within the housing
assembly. A sight gage is p nvided for the checking of the oil level. 0il
lubrication was selected for the design based on the rotational speeds of the
roller assembly.

The weight of the support roller assembly with mount is 41.5
pounds {dry).
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3.7 Compensating Idler

The ATR cuspension system utilizes a front compensating fdler
arrangement as shown in Figure 3.1-1. This arrangement provides the following
functions:

1. Manual adjustment of track tension.

2. Reduction of track slack due to roadwheel travel in land-
borne operations.

3. Retraction of the track to a nearly flush position with the
hull bottom during waterborne operations, to reduce vehicle water drag.

As shown 1in Figure 3.1-1 the compensating idler assembly
consists of an adjustable link that connects the number one roadarm to the
front idler arm. Movement of the 1ink due to roadarm jounce rotation causes
the idler arm tv rotate and move the idler wheel forward.

Initially, AA{ proposed to use a standard M113Al idier mount and
track adjuster to configure the compensating idler arrangement.
during the ATR detailed design effort, two undesirble characteristics
associated with this configuration were disclosed. The first was that an
interference was found to occur between the track adjuster and the front idler
mounting hub.,  This interference occurs when the track adjuster is in the
fully extenced position and movement of the compensating idler is required to
provide for track retraction in the waterborne mode.

However,

The second undesirable characteristic involved the relationship

between roadwheel vertical movement and idler wheel movement. As shown in

Figure 3.7-1 for the initial compensating idler design, the idler wheel move-
ment is the greatest around the roadwheel static position and its rate of

increase declines as roadwheel travel increases. This is prohibitive since it

The desirable characteristic is

idler wheel travel for small roadwheel movements and large idler
travel for large roadwheel movement.

would result in over-tensioning of the track.
a very smali

Based on these design deficiencies, a new compensating link

arrangement, shown in Figure 3.7-2, was developed. The link is configured to

employ a turnbuckle type track adjuster rather than the previously considered

M113A1 grease type adjuster. The use of the grease filled adjuster was

eliminated because the offset mounting Tugs required for attachment to the
roadarm and idler arm would cause eccentric loadings.

These loadings would
result in leakage of the grease filled adjuster.

3.49
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Figure 3.7-1 Proposed Compensating Idler Movement
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To perform adjustment of track tension, the turnbuckle screw is
rotated from the end to obtain the desired track tension. Once adjusted, the
two locking nuts are seated with a specially designed spanner wrench. The
turnbuckle design provides 5.79 inches of adjustment along the pitch line of
the track. If the track adjuster is fully extended and does not provide the
proper track tension, the adjuster must be fully retracted to permit the
removal of one track pitch.

The idler mount employed in the idler arrangement is an MI113A2
type with the idler arm length increased from 4.35 to 5.35 inches. When the
number one roadwheel 1is moved vertically the idler wheel is forced to rotate
forward about the idler arm spindle. This provides track slack compensaticn
during landhorne operations. Figure 3.7-3 shows the horizontal idier movement
as a function of roadwheel travel. As shown, idler movement is initially less
amplified than that resulting from the initial proposed design. This design
is less 1likely to overload the track, due to over tensioning, than the
originally proposed design.

During the track retraction mode the idler wheel movement has
been designed to pull the track nearly flush with the ATR hull bottom.
Analyses were performed to examine the idier movement and the resulting change
in overall track length. This was done to determine the resulting track
tension during waterborne operations and to estimate the amount of track sag
that is expected below the hull beottom. A summary of this analysis is
presented below. The details of this analysis are presented in AAl
Corporation Engineering Report No. K60011-00009.

The pitch line track length was determined with the suspension
in the static and the retracted modes and the track adjuster in three posi-

tions, 1) retracted, 2) centered, and 3) extended. Table 3.7-1 shows the
results of this length analysis.
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Table 3.7-1. Track Length

Track
Track Adjuster | Adjuster Length, Track Length, inches Stretch,
Position inches tatic Position | Retracted Position| inches
Retracted 19.38 397.47 397.86 .39
Centered 21.0 400,42 400.95 .53
Extended 22.5 403,21 403.58 .37

The amount of track stretch shown will dincrease the tension in the track
according to the spring rate of the track. The spring rate of the wire link
track, which is installed on the ATR, has been determined by using laboratory
pull test data which is presented in AAI Corporation Engineering Report No.
ER-13302. The track spring rate (K) determined from this data is: K = 313840
1bs/in/5.81 inch section,

The increase in track tension can be determined from the amount of stretch
using the following formula:

LP
where: TI = tension increase, lbs

K = track spring rate per section, 1bs/in/section
Lp = length per pitch, inches
Ly = length track in static position, inches

LS = length of stretch, inches

The sag at the track can be determined by assuming that the track assumes a
parabolic shape with the weight uniformiy distributed along the horizontal.
This is a valid assumption for this case since the track is expected to bhe
quite taught. The formula to determine the sag of the track is:

WX2

SAG = =y
Cts T

where: unit weight 2.75 1bs/iuch
half the span 83 inches
track static tension, 2000 1bs

tension increase, lbs

i
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Table 3.7-2. Predicted Track Sag

Track Adjuster Position Trs LBS Sag, inches
Retracted 1789 2.56
Centered 2400 2.20
Extended 1673 2.64

Further analysis of the retracted suspension arrangement was
required to determine the capability of the Bird-Johnson hydropneumatic
suspension (HPS) wunit to supply the required torque for retraction. The
details of this analysis are published in AAl Engineering Report No.
R60011-00001., The results of this analysis are shown in Table 3.7-3. The
maximum roadarm trunnion reaction is 54477 in-1bs and occurs with the track
adjuster in the center position. The HPS must he capahble of delivering this
torque in order to fully rectract the track. A supply system pressure of 2342
psi will be requirad to generate this torque. This is well within the
capabilities of the HPS unit and the ATR 3000 psi auxiliary hydraulic system.

Table 3.7-3. Track Adjuster Load Summary

Applying the formulas results in the predicted track sag shown in in Table l
3

Adjuster Link Idler Arm Road Arm
Adjuster Suspension Farce, Radial Force, | Trunnion Reaction
Position Mode 1bs 1bs in-1bs
Collapsed Static 3760 108
Collapsed Retracted 7644 148 45057
Center Static 3671 37l
Center Retracted 9292 631 54477
Extended Static 3782 404
Extended Retracted 617 6742 3698
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{ Since the idler movement is designed to provide full track
retraction for the waterborne mode, the amount of track compensation during
land operation will be excessive. When encountering a large obstacle at high i

speed, the roadwheel is stroked upward as the wheel rolls over it. The
linkage connecting the roadarm to the idler arm will force the idler wheel

forward. Because the linkage is designed to provide full retraction the track
tension will increase when large ohstacles are being crossed.

An analysis was conducted to examine the magnitude of the track
tension increase as the ATR passes over two obstacle sizes (16 and 12 dinches
in height) with two suspension configurations. The configurations considered
are shown in Figure 3.7-4. The first configuration is with the first road-
whec1 on the obstacle with the second roadwheel remaining on the ground. The
other configuration is with the first roadwheel on the obstacle causing the
second roadwheel to raise and the three trailing roadwheels remaining on the
ground. This analysis assumes the vehicle remains level during the obstacle
negotiation. For each of the configurations the pitch line track length was
calculated with tne track adjuster setting in the centered position. Table
3.7-4 presents the required amount of track stretch together with the
resulting track tension.
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Table 3,7-4., Track Tension Under Severe Conditions

Static Track Ohstacle Crossing

Length Track Length Track Stretch; Tension

Configuration Inches Inches Inches Pounds
!

#1 RW @ 16 in., 400,42 411.83 11.41 107300
#2 Static
#1 RW @ 16 in., 400,42 409.23 8.86 ] 83900
#3 Static
#1 RW @ 12 in., 400. 42 405.17 4.75 | 43898
#2 Static
#1 RW @ 12 in., 400.42 403.54 3.12 30834
43 Static

The load developed due to overcompensation can potentially be
quite high. The operational scenario which could cause such overcompensation
is considered to be quite severe. The frequency of occurrence will be rare
even during cross-country mobility testing. However, to safeguard against
track overload, a shear pin has been incorporated into the compensating
Tinkage. The shear pin will be a fusible link to protect the track and all
cther effected suspension components from excessive loading.

To determine the maximum allowable shear pin loadings that are
required to protect the suspension system components, a loading analysis was
conducted. This analysis, presented in detail in AAI Corporation Engineering
Report No. R60011-00009, considers the effects of track tension on the major
components of the Wire Link Band Track, the Two Speed Final Drive the M113A2
Idler Mount, and the Bird-Jdohnson Hydropneumatic Suspensiorn Unit. The
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allowable shear pin loadings determ ned by each component is given in Table
3.7-5. The loads presented carry a 1.2 safety factor on yield or a 1.5 safety
factor on ultimate capacity. The table shows that the hydropneumatic
suspension unit is the weakest of the suspension components considered and
will establish the shear pin sett:ng at 33,300 pounds.

The shear pin, shown in Figure 3.7-5 is fabricated from 4140
steel heat treated to a Brinel Hardness of 495. As shown in Figure 3.7-5 two
grooves are cut in the pin to facilitate "clean" double shear failure.
Several groove depths are designed and sample destructive testing is planned
for validation priar to installation on the ATR,

Table 3.7-.5 Allowable Shear Pin Loadings

Track Tension Shear Pin
Limit, Loading Limit,

Component 1bs 1bs

Wire Link Band Track 30,000 60,000

Two Speed Final Drive 23,100 46,200

Idler Mount 26,500 53,000
Hvdropneumatic Suspension 16,650 33,300

Unit

The revised compensating idler linkage design was presented to
the Marine Corps Programs Office personnel at a preliminary design review at
AAI on 1 May 1984, As a result of the meeting, the Marine Corps repre-
sentatives requested that alternate idler mount desigrns be considered. The
primary purpose far this investigation was to prevent track tension nverload
while maintaining all the capabilities of the existing design. In response to
this request, AAl conducted a trade-off study to identify pntential alternate
design concepts., The trade-cff study results and recommendations were
presented to the Marine Corps Programs 0ffice personnel on 22 May 1984, and
are repeated in the following paragraphs.

To begin the trade~off study, required and desired idler mount
capabilities were determined. Table 3.7-6 shows the two required and six
desired capabilities that were identified. The capabilities of track tension

3.59
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Table 3.7-6 ATR Idler Mount Capabilities

REQUIRED:
¢ Track Tension Adjustment

o0 Track Retraction in Waterborne Mode

DESIRED:
o Llandborne Track Slack Compensation
0 Energy Absorption Capability
o Simplicity
o Low Cost
0o Light Weight

o Low Risk

3.61
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adjustment and track retraction in the waterborne mode were determined to be
requirements of an alternate design.

As part of this trade-off study a modification to the existing
design was generated. The modification, which is shown in Figure 3.7-6,
incorporates an “outrigger" bearing support to the existing design. The
purpose of this support is to protect the Bird-Johnson HPS unit output shaft.
This would permit the allowable shear pin setting to be increaed to 46,200
pounds from 33,300 pounds.

Four alternate 1idler concepts were evaluated relative to the
existing compensating/adjuster linkage design. The alternate designs that
were considered were:

1. Compensating/adjuster link w/energy absorption

2. Hull mounted hydraulic cylinder (inactive)

3. Hull mounted hydraulic cylinder :active)

4, Bird-Johnson Co. HPS unit

The first alternate concept, a compensating/adjuster link with
energy absorption, would be configured much the same as the existing link with
the addition of an eclastic energy absorbing feature on the link body. The
mounting poaints of this device would be identical to the existing design and
would therefore have the same motion characteristics during normal operation.
The advantage of this concept is that the energy absorbing device would be
self contained., The disadvantages of the concept are: added weight, salt-
water sensitivity, size increase and possible heat build-up problems.

The second alternate concept, a hull mounted hydraulic cylinder
(inactive), is depicted in Figures 3.7-7 and 3.7-8. The cylinders are
internally mounted in the vehicle hull to protect the cylinder rod from
saltwater and to reduce the risk of cylinder rod bending. As can be seen from
the figures the cylinder could be capable of actuating a sector gear or a
lever. To provide water to tand transition, a means to sense the position of
the cylinder is regquired. The cylinder rod will remain inactive (or
stationary) and will not provide track compensation during landborne
operations. The advantage of this concept is the use of simple hydraulics.
The disadvantages are increased weight, no compensation during landborne
operations, new mounting requirad with through spindle, and an increase in
system complexity.
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The third alternate concept, hull mounted hydraulic cylinder
(active) could use the same arrangement as that of the inactive cylinder as
shown in Figures 3.7-7 and 3.7-8. The active cylinder would be used to
provide track compensation during landborne operations. To provide an active
capability position and load sensing hydraulic valving would be required. The
advantages of this concept are full control of idler position and energy
absorption capability. The disadvantages are high development risk, high
cost, a large weight increase and a compiex hydraulic system.

In the fourth alternate concept, the HPS unit is employed as an
idler mount as shown 1in Figure 3.7-9. This concept utilizes a GFE
Bird-dohnson HPS unit, mounted to an idler arm. To provide the full range of
required capabilities the HPS units must be modified to permit track tension
adjustment. The advantages of this concept are: Tlow cost, light weight, and
self contained damping and valving. The disidvantages are: high risk
(developmental item), unknown heat buiid-up characteristics, and Timited track
compensation during landborne operations.

For evali..ion purposes, each of tie concepts were compared by
using a rank ordering technique for each of the selected evaluation criteria.
No weighting factors were applied to any of the evaluation criteria. Rank
varied from 1 tc 5 which corresponded from poor to good performance. The
numerical rankings assigned to each concept appears in Table 3.7-7. Al
concepts received essentially the same ranking for the two required capa-
bilities. When comparing the ranking total, the original compensating/
adjuster link received the highest total rank. 7The primary reasons the
original design is the highest ranked are is its advantages in the areas of
complexity, cost, weight and risk.

As a result of the {dier trade-off study the following recom-
mendations were made:

1. Use the compen ting/adjuster linkage with a fusible shear
pin.

2. If required, a compensating/adjuster linkage with energy
absorbing capabilities can be retrofivted.

3.
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3.8 Track

The ATR employs a lightweight band track rather than a con-
ventional block type. The track was specified as Government Furnished Equip-
ment (GFE) and is depicted in Figure 3.8-1. This track is being developed for
the Marine Corps Programs Office by the AAI Corporation.

Prior to installation on the ATR, the track was subjected to
acceptance testing on an M113A2 armored personnel carrier. The vehicle was
ballasted to 14-tons for the testing which was conducted in October 1985.

The characteristics of the track are as follows:

Tread: Rubber

Roadwheel path: Rubber

Weight: 15.9 1bs/pitch, 32.84 1bs/feet
Pitch: 5.81 in

Width: 17.0 in

Grouser height: .81 in

Guide: Integral with crossmember

Pitches required for ATR: 138

The 1ightweight track is basically a band type track which uses
wire mesh rather than steel cables. The track is constructed of iwo bhasic
members: a molded link and a steel crossmember.

Within each molded link is an assembly of wire mesh, connecting
pins and spacers linked to end connectors on either ond. A1l metal components
are stainless steel with the exception of the spacers within the wire mesh.
The end connectors are joined end to end to forn a continuous rubber band
composed of individual rubber covered links.

Four bands, two deep treads and two shallow treads, are used to
make a complete track pitch. The steel crossmembers bolt to the bands and
provide sprocket-engaging surfaces as well as a centerguide and grouser.
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i 3.9 Bump Stops

ATR suspension travel in jounce is limited by roadwheel/track
contact with the ATR hull sponson bottom plate at suspension stations #1, #2,
#3 and #5 as shown in Figure 3.1-1. The sponson bottom plates are locally
reinforced with channel sections in the impact area of each roadwheel.

For suspension station #4, jounce travel is limited by a hull
mounted bump stop. A separate bump stop is required at this station because
the hull sponson area is removed to enhance water flow to the spanson mounted
waterjet. At full jounce the hull mounted bump stop assembly impacts with the
rear extension of the number four roadwheel spindle.

The bump stop, shown in Figure 3.9-1, is a steel weldment which
is bolted to the ATR hull side plate. The stop is designed to contact a
special roadwheel spindle which is equipped with a 2 inch inboard extension,
This design minimizes the load transmitted to the roadarm and HPS unit by
absorbing the roadwheel impact 1lcad as close to the roadwheel spindle gas
possible.
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Figure 3.9-1 Bump Stop Weldment
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3.10 Suspension Controls

The ATR suspension system is capable of maintaining two operat-
ing positions; extend and retract. The extend position is used for land and
transition operations. The retracted position is used for sea operations.
Far the control aof the suspension system, the ATR is equipped with the
hydraulic control and distribution system shown schematically in Figure
3.10-1. The system is fully integrated into the ATR auxiliary hydraulic
system.

The contral and distribution system consists of ten three posi-
tion directional control valves (DV14-DV23), one pressure requlator (PR1), one
oressure switch (PS11) and supply return lines. In the de-energized position,
the directional control valves block the supply pressure and open the ports on
the HPS units to the reservair. In this position suspension actuation i3 not
provided. In the solenoid A position the suspension system is extended. In
the solenoid B position the suspension system is retracted. The regulator is
used to limit the supply pressure to 2,000 psi to minimize HPS unit internal
teakage. The electrical pressure switch is used to indicate a Tow suspension
supply pressure. The switch signal is entered into the SC-1 computer causing
a master warning fault.

During normal vehicle operation the SC-1 computer controls the
suspension system position according to the drive mode selected (i.e., land,
sea, or transition) by the operator. For additional control the operator is
provided with a separate suspension josition switch. This switch is only
active during the land mode of operation. In the land mode, the operator can
select suspension extend, suspension off, or suspension retract. Should the
operator select the suspension off position from the suspension extend posi-
tion the vehicle will begin to settle. Complete settling occurs in 2 to &
minutes. In the sea and transition modes of vehicle operation the computer is
in complete controi of the suspension regardless of the suspensica position
selected by the operator.
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3.11 Suspension Component Stress Analyses

Stress analyses has been performed on the roadarm assembly, the
compensating adjuster linkage, and the hull mounted bump stop. The detailed
stress analyses are contained in AAI Report No. R60011-00008 and a summary is
presented below.

Roadarm Assembly

The roadarm and spindle have been evaluated for two loading
conditions:

1. Vertical lYoad applied perpendicular to arm;

2. Lateral load applied at wheel rim,

The magnitude of the vertical load for roadarm assemblies at
stations 1, 2, 3 and 5 are limited hy the motion resistance, damping and
spring, capabilities of the Bird-Johnson HPS unit. Higher wheel impact loads
will be transmitted through the roadwheel to the sponson bump stop. For the
roadarm at station 4 the inboard end of the spindle will impact the hull
mounted bump stop which allows the maximum roadwheel impact force to be
transimitted throuch the spindle. The magnitude of the radial load i3 then:

Road Wheel Staticn Vertical Load, Lbs
1,2,3,5 13600
4 51000

The maximum lateral load is the same for all roadarm stations
The magnitude of this load is speci.ied in AAI Corporatioiv Report No. R600011-
00002 "ATR Besign Criteria™, to be 1400C 1bs.

Figure 3.11-1 shows a loading diagram of the roadarm ac<sembly
under a vertical loading condition. The worst case is considered to be with
the applied force acting perpendicular to the roadarm. The maximum stresses
have been determined to occur at Section A-A of the figure for all wheel
stations. The maximum stresses have been determined to occur at Section B-B
for the roadarms at Station 1,2,3 & 5 and at section C-C for roadarms at
Station 4. The magnitudes of these stresses are presented in Table 3,11-1,
As can be seen, low stresses are experienced at all roadarm assemblies except
those at station 4 due to the bump stop. The negative margin of safety
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Figure 3.11-1 Vertical Loading Of Roadarm Assemb]y'
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experienced by the roadarm at roadwheel station No. 4 at section C-C is
considered permissibie. It is permissible because the lcading condition
considered is not likely toc be experienced by this roadwheel station.
Figure 3,11-2 shows the loading diagram of the roadarm assembly
under lateral loading conditions. Two lateral cases are considered:
1. Lateral force exerted at roadwheel rim along the radial axis
of the roadarm;
2, lateral force exerted at road wheel rim 90 degrees off the
radial axis of the roadarm.
The maximum stresses have been determined to occur at section
A-A in the spindle. In the roadarm the maximum stress will occur at section
B-B8 for the on axis loading case and at section C-C for the off axis loading
case. The magnitude of these stresses are presented in Table 3.11-2. As can
he seen the lateral loading case greatly strecses the assembly. The negative
margin of safety is small in all cases and is acceptable considering the
severity of the loading conditien.
Compensating Linkage

The compensating linkage has been sized to accept a shear pin
with a 50,000 pound capacity. Due tc the limitations of the HPS unit, the
shear pin will be limited to a capacity of 33,300 pounds. The stress exerted
on each of the compensating linkage components is given in Table 3.11-3 with a
shear pin capacity of 33,300 pounds.

Hull Mounted Bump Stop

The hull mounted bump stop is designed to accept a load from the
roadari. pindle of 39800 pounds. This is the maximum vertical wheel loading
for roadwheel number four of 51005 pounds minus the HPS unit resistance of [4
(2600) = 11200 pounds.] Figure 3.11-2 shows the bump stop loading diagram.
The bump stop is fabricated of T-1 structural steel which has a weld strength
of 100 ksi. The stress levels experiericed by the bump stop are shown in Table

3.11-4,
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Figure 3.11-2 Lateral Loading of Roadarm Assembly
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